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EKECOTIVE SUMMMff 


A. Introduction 


Kie Jet Propulsion Laboratory (JPL) is currently managing a research"- . 
and development project sponsored by= the Department of Energy to re- 
duce the cost of photovoltaic solar collectors. jPL has subcontracted 
the technology development to over 50 universities and manufacturing 
films. 

An important part of the program is "the development of the Solar Array 
Manufacturing Indust^ Ctosting Standards (SAMICS). Ihese standards 
unify economic and financial assumptions to provide comparable cost 
estimates for the alternative manufacturing technologies under develop- 
ment by the subcontractors. 

Iheodore Barry & Associates has been contacted to provide industrial 
managomeiit consulting and facilities engineering support for the 
develc^ment and irrplanentation of SAMICS. 

SAMICS has been formulated' as a conputer simulation model. Given a 
proper description of the manufacturing technology as input, this 
model computes the manufacturing price of solar arrays for a broad 
range of production levels. However r the ending point of the model is 
the loading dock of -the final manufacturer. Ihat is^ the SAMICS model 
does not include the cost of marketing and distributing the product to 
the final customer and the costs of preparing the site and installing 
the anrays. ^is report presents a model for ccoputing these marketing 
and distribution costs. Other models will be developed to csonpute the 
site installation and operations costs. 

This marketing and distribution nodel is a sinplification Intended to 
recognize the added costs of marketing and transporting the solar 
arrays from the factory to the customer. Ihe model covers selling, 
transportation, and storage costs in transit fron the leading dock to 
the point of use. 

This section presents an executive summaiiy of the model equations and 
the test’ case results. The test case exercised the equations in the 
model and provides a clearer understanding of the magnitude of mar- 
keting and distribution costs in deciding the eccinatiiic feasibility of 
photovoltaic solar collectors. 


B. Marketing Model 

Ohe marketing model ccjiputes the cost of selling solar arrays. These 
costs include; 

• Sales personnel salaries 

• Office facilities cost 


• Sales expenses 

Travel and entertainment 
- Caranunications 
Office supplies 

• Advertising expenses 

It is assumed that these costs vary for. different types of custoners, 
and the model conputes the costs by type of customer. Cus toners are 
described by their average order quantity. The model allows for up to 
three cl^vsses of custoners. For exartple^ small residential? inter-, 
mediate ccmmercialf and large utilities. In the test case, the 
average residential customer purchases solar arrays in orders of 
10,000 peak watts, commercial 500,000 peak watts, and utilities 50 
megawatts. 

The model user inputs total sales by customer by region and the average 
sales per unit. From these the model calculates costs. The model, 
restricted to the supply side , does not attempt to measure the inpact 
on demand in a region fron lower prices in that region. However, the 
user can measure the inopact on costs of increased or reduced volume 
through iterations using different input data. 


C. Distribution Model 

Ihe distribution model oonputes the cost qf transporting, warehousing, 
and delivering the solar arrays from the factory to the final eus^.^ 
tomers . a 

O 

C C 

The country id -divided ihto sevens distribution regions shown- in 
Exhibit There are two -distribution alternatives for eactt. type 

:of ; custome! g 

1, Direct shipments the"" factory ta the customer. 

2. Transshipments from the factory through a regional warehouse to 
the custoner. 

'■l.' • J 

She model computes the alternative which minimizes the total annual 
distribution cost^ In- h given region., sane types -of Custoners may 
be supplied -directly frai the factory and others fron a Regional 
warehouse. There will not necessarily be a warehouse in '.every region, 
unless it is calculated to be ecOhonical tochave one.^- 

If there is a warehouse, the model computes the Optimal Warehouse 
size which balances the number of shipments required with the- cost 
of operating the warehouse, thereby minimizing the cost of deliver^ 
solar ncdules. 
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D. 


Test Case 


checked by performing a test case analysis. 

S be l^ated p megawatts/year was assumed 

Ari^na Mountain corresponding to Phoenix, 

Arizona. Exhibit 1-2 shows the customer demand distribution: 

Test Case Dgnand Distribution 

® 40% residential 

• 20% commercial 

• 40% utility 

nsnufacturing- price for the solar arrays was 

ir aSbS ei^ressed in 1975 dollars. L shown 

^ Exhibit I 3.r. the model results in a coiputed markup of "about $.31 oer 

^ak watt for marketing and distribution. Bie results vary from reaiS 
to region and by custoier type. . . vary rrcra region 

E^ibit 1-^4 shews the variation in solar array price estimates for 
customers by region, since the facto^ was as^el to be 
the Ro^y Mountain Region, the lowest cost ($.72/peL Stt) 
l^uld be to utility customers in the Itocl^ ^fou^tain Region, while the 

SfSeat?i°' ^ ^ tesidentiS'Se^S" i?" 

^e Great Lakes Region. Overall, utility custesners would enioy the 

^identS^fs commercial /.ext Cl.82):, and finally 

SKSStfin!^’^^ ^ economies of scale in both marketing 

PJ^esent pro forma Income Statements for .SELECO/ " 

SSt solar array sales and distribution .conpany.. Ihe 

^del f^ecasts were made for 1986,, the test case manqSLing 

results show gross profit of 38% and a net profit after 

St fstimat^^^^ SAMECS manufacturing. 

<: . . 

The^el forecasts are adjusted for botii inflation and regional 
differences in marketing and distribution costs.,. 






i”} 
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EKhibit 1-2 


TEST CASE INPUT D?aTA 


Demand Side 


Custaner 

Type 

Eegion 

dij 

Customer Demand. Distribution (MW/i^R) 


Residential 

Household 

1 

Cfcntmereial 

inteiniiediate 

2 

Public Utility 
Central Station 

3 

, Tbtal 
Annual 
Demand 
(MW) 

I 

West Coast 

50.0 

25.0 

50.0 

125.0 

II 

Rocky Mountain 

60.0 

30. Q 

50.0 

140.0 

III 

North Central 

10.0 

5.0 

0.0 

15.0 

IV 

Great Lakes 

10.0 

5.0 

0.0 

15.0 

V 

North Eastern 

20.0 

10.0 

50.0 

80.0 

VI 

South Eastern 

10.0 

5.0 

■ 

O.Q 

15.0 

VIl 

South Central 

•40=.0 

20.0 

50.Q 

110. Q 


TOtai 

200.0 

100 .=0 

200,0 

500.0 

~ 


(40%) 

(20%) 

C40%) 

fl00%)^ ;i 



TEST CASE RESULTS 


SELLOO 

SOLAR ARRAY SALES AND DISTRIBUTION CX^tPANY 
PRICE ESTIMATES 


Cost of goods sold 

Expenses : 
Distribution 
Marketing 

Total expenses 

Incone tax 

Net profit 


1975 $/Watt 
$,500 


$.020 

,057 

.077 

,118 

.113 


Solar arr^ prices: 

Household products $.864: 

Caraiercial products .820 

■Central ,pov?er stations .747, 

All products 


$.808 


% Qf Price 
61.9% 

9.5% 

14.6% 

14.0% 


100 . 0 % 
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NJii NOT FILMED 
TEST CASE EESULTS 


SOIAR AERMf PRICE ESTIMATES 
(1975 $/Watt) 



I West Coast 

II Rod^y Mountain 
in North Central 

IV Great Lakes 

V North Eastern 

VI South Eastern 

VII South Central 


All regions 


j 

i 

Residential 

Household 

1 i 

■Commercial 

Intermediate 

2 

Public Utility 
Central Station 

3 

All 

Customers 

$.8595 

$.8127 

$.7316 

$.7990 

.8408 

.8007 

.7204 

-7892 

.8839 

,8376 


.8685 

.9144 

.8634 


.8974 

.9036 

.8599 

.7869 

.8252 

.8857 

.8424 


.8713 

.8596 ; 

.8180 

.7486 

.8016 

$.8636 

$.8201 

$.7469 

$.8082 
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TESf CASE RESULTS 


SEJLECG 

( 

SOEAR array SALES M© vPISTRlBUTIC»I COMPANY - 
INCOME S'EATS^ENT FOR. 5HE YEAR ENDING DECEaffiER 3l, 1986 

1986 $ % Sales 


Sales: 


Housdtiol<l products 
Ccttmercial products 
Central power stations 

$331,251,931 

157,295,662 

286,492,674 


- 42.7 

20.3 
37.0 

Total sales 


$775,040,267 

100.0% 

Cost of goods sold: 

Household products 
Coransrcial products 
Central pcwer stations 

$191,800,000 

95,900,000 

191,800,000 


24.7 

1L2.5 

24.7 

Total cost 


479,500,000 

61.9% 

Gross profit 


$295,540,267 

38*1% 

Expenses: 

Distribution (Schedule A) 
Marketing (Schedule B) 

$19,661,719 

54,438,472 


2.6 

7.0 

Total expenses 


74,100,191 

9.6 

Net profit before tax 


$221,440,076 

28.5% 

Net incone tax 


112,934,438 

14.5 

Net profit after tax 


$108,505,638 

14.0% 


r"--^ 
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Schedule A: 


TEST CASE RESUnUS 


Distribution expenses: 
Salaries and benefits 
Transportation 
Warehouse facilities; 
Lease 
Utilities 
-Oidier expenses 


Total warehouse expenses 
Inventory carrying charges 

Total distribution expenses 


1986 $ 


$ 629,095 

18,650,303 


118,071 1 

264,250 1 

$19,661,719 100% 


Schedule B: 


Marketing expenses: 
Salaries' and benefits 
Sales expenses 
Ojfice facilities: 
""Lease 
Utilities 
Maintenance 
Other expenses 


Total office expenses 


Advertising 


$892,162 

42,339 

70,807 

354,067 


1986 $ 


$43,771,892 

4,320,405 


1,359,375 

4,986,800 


Total marketing ejpenses 


$54,438,472 100% 
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II. MaBKETING MODEL 


A. General Description 

Ihis section presents the solar array marketing model assunptions and 
ec^ations. Standard values to be used for the model parameters are 
given in i^pendix B. Test case calculations and results are presented 
in Section V. Following are the key assumptions of the model. 

The mrketing model is strictly a supply side model. No atteipt is 
made to model the interaction of supply and danand. If demand in all 
categories is assumed known ^ this procedure gives the associated narketing 
costs. Hence, demand is assumed to be conpletely inelastic or indepen- 
dent of the solar array price. Ihe manufacturing cost of the solar 
arrays is specified as input by the user. 

Bie country' is divided into seven mrket regions and the total annual 
demand in each region is specified as input by the user. Die total 
annual demand is assumed to be constant in each region. 

Marketing costs are assumed to vary for different types of customers. 
Customers are described completely by their location and average order 
size in megawatts. The model allows for a maximum of three types of 
customers or pixducts. Die total demand for each customer type in each 
region is specified as input by the user along with the average order 
quantity for each custoier type. 

Regional sales offices are assumed to be located in every region where 
the demand is greater than zero. Marketing costs vary with custotier 
location, but are assumed to be independent of the factory location. 

The distribution model, however, coirputes the cost of warehousing and 
delivering the product to the customer. Following is a list of input 
variables for the marketing model: 

The following input data must be specified by the user: 

= Average order quantity for customer type i 
(in megawatts per order) 

for i = 1, 2, and 3 

^ ij ~ Total annual demand in Region j by customers of type i 
(in megawatts per year) 

for i = 1, 2, and 3 

and j = 1, 2, ..., and 7 

p = SAMICS Manufacturing Price for Solar Arrays 
(manufacturing year dollars/watt) 

“ Manufacturing Year 
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The manufacturing year is the steady-state year for which the marketing 
costs are ccmputed. 

Given this input data, the model conputes the total annual marketing 
cost in each region. The total cost consists of the following coiv- 
ponents: 


Marketing Expenses 

Salaries and Benefits 

• Direct personnel 

• Indirect personnel 

Sales Expenses 

• Office supplies 

• Travel and entertainment 

• Ccmmunications 


Model Symbol 

DSCj 
CIS j 

SECj 


Office Facilities Costs OFC • 

• Office rental ^ 

• Utilities 

m Maintenance 

• Other expenses (property tax and insurance) 


Advertising Expenses SAC j 

• Product A 

• Product B 

• Product C 


Exhibit II-l shows the model personnel organization structure for the 
region sales and marketing office. Personnel are divided into three 
categories: 


• Salesman 

• Direct Support Personnel 

• Indirect Support Personnel 

The number of salesman required is determined by the total demand and 
average order size separately for each customer type. 

The number of direct support personnel is determined by the number of 
salesman and average order size for each type of customer recognizing 
that different classes of customers have different support require- 
ments, These include: 


• Field Engineers 

• Market Research Analysts 

• Technical Writers 

• Commercial Artists 

m Technical Illustrators 

• Advertising Salesman 
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The nunter of indirect support personnel are computed from the number 
of salesman and direct support personnel using an indirect require- 
ments matrix. 

The total annual sales cost is the sum of direct and indirect ccm- 
ponents: 

DSC i = Total Annual Direct Sales Cost in Region j 
(manufacturing year dollars) 

ISC ^ = Total Annual Indirect Sales Cost in Region j 
■’ (manufacturing year dollars) 

'The direct sales costs consist of salaries and benefits for the 
salesman and direct support personnel. 

The indirect sales costs consist of: 

• Indirect Sales Support Personnel Cost 

• Office Facilities Cost 

• Sales Expenses 

• Advertising Expenses 

Following is a description of the parameters and underlying assumptions 
for the model equations to compute these costs. 

Direct Sales Requirements 

The primary deteminant of selling requirements is the average order 
quantity per customer expressed in megawatts per order. Sales require- 
ments are implicitly assumed to vary for different types of custaners. 
It is assumed that this variation can be modeled through the average 
order size. 

1. Average Order Quantity 

AOQ^ = Average order quantity in megawatts for custaner type i. 

Note: This is specified as input by the user and is not 
necessarily the same as the physical delivery 
quantity or the total sales contract which may 
extend over several years. It is defined as the 
total sales contract for one year. 

2. Salesman Productivity Assumptions 

The first step in determining how many salesmen are required for 
a particular product-market scenario is to identify the number 
of orders an individual salesman can obtain per year at various 
levels of AOQ. Clearly, when the order quantity is small, less 
sales effort will be devoted to each order and each salesman 
will be expected to obtain more orders then if the order size 
were larger. At the same time, at larger values of AOQ the 
overall productivity of each salesman will be greater. 


The basic assumptions used for computing salesman productivity 
are outlined below. The assumptions are predicated on the sales 
requirements for an established product. Although the photo- 
voltaics industry is far from established today, this is con- 
sistent with the SAMICS steady-state assumption. 

TO simplify the analysis, the interaction between advertising 
and salesman productivity is not modeled explicitly. That is, 
productivity is assumed to be independent of advertising. The 
iirpact^of advertising is extremely difficult to model even for 
established products and is beyond the scope of this model. 

The user could test different relationships by varying the 
advertising expense rates and the salesman productivity rates 
for different types of customers. However, the usefulness of 
such results is dubious. 

The specific productivity assumptions are as follows: 

At very low levels of AOQ (one kilowatt per order) it is assumed 
that the order-taking ability of salesmen will be ccmparable to 
that of account representatives for industrial products firms, 
namely that each salesman can make an average of 1750 calls per 
year and obtain one order for every 3.5 calls. Hence, for an 
average order quantity of .001 MW, each salesman averages 500 
orders per year. 

It is further assumed that at the level of 10 MW per order and 
above, approximately one salesman is required for every order 
obtained. Through linear interpolation an equation is thus 
designed to yield the value for any level of AOQ. 


I 


AOQ 

Average 
Order Quantity 

(MW) 

.000 

.001 

.010 

.100 

1.000 

10.000 and above 


OPS 

Orders 

Per Salesman 
( Orders AR) 
0.00 
500.00 
51.00 
5.90 
1.45 
1.00 


MWS 

Megawatt 
Sales Per 
Salesman (MWAR) 
.00 
.50 
.51 
.59 
1.45 

10.00 or more 


siote; The intermediate points in this table are interpolations, not break- 
points on a piecewise linear function. 

The size of a t 3 ;^ical residential unit could range f rcsn 1 kilowatt 
(.001 MW) to 10 kilowatts (0.010 MW) depending upon the application. 
For_ example, 1 kilowatt would provide electricity for a water heater 
ywile 10 kilowatts would be required to supply all of the house- 
hold's electrical needs. 



Ihus, the prcx3uctivity relationships irply that a salesman could 
sell 500 solar water heating units in a year or 50 larger house- 
hold electrical units. 

Solar units of 10 MW or more v?ould be purchased by public or 
private utilities for central power stations. Based on experience 
with the utility industry, a single salesman can typically make 
one large sale per year. 

3* Annual Megawatt Sales Per Salesman 

Assuming a piece-wise linear relationship between annual megawatt 
sales per salesman and the average order guantiiy per custcnsr, 

the following equations correspond to the data presented in the table 
above. 

MWS = Annual megawatt sales per salesman to custcmer type i 

r500*AOQ for 0 ADQ < .001 X 

MWS .4999 + .9501*AOQ for 0.001< AOQ 10.000 
C AOQ for AOQ ^ 10.000 

The coefficients are expressed to 4 decimal digits so that substi- 
tution will yield the results presented in the table, ^ey do not 
reflect the degree of accuracy of the linear productivity assumptions. 

4. Size Of The Sales Force 

The number of salesmen required is ccnputed separately for each 
type of customer based on the total annual demand and the salesitien 
productivity ratio. The total annual demand in each region and 
the average demand per custaner are assumed to be known and con- 
stant over time for each customer type. 

d i j = Total annual demand in Region j by customers of type i 
(MW/Year) 

SR- = Total number of salesman required in Region j for customers 
of type i ' 

SRi‘ = dii 
MWSi 

5- Salesman Support Index 

Direct sales support personnel include: 

• Field Engineers 

• Market Research Analysts 

• Technical ?firiters 

• Commercial Artists 

• Technical Illustrators 

• Advertising Salesman 
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o® depend 


AOQ 

Average 
, Order 

Quantity fMWI 

SSI 

Salesman 

Support 

Index 

0.000 

06 " 

.001 

0.10 

1.000 

0.19 

10.000 

1«00 

100.000 

5.00 


SSI - Salesman support index for customer type 


SSI = 


.0999 . .09^^^ i“ .ooli ^ i -“S 
.5556 + .0444*AOQi for AOq> 10 


correspond to the data presented in the table above 
iSS relationship) . n,e coSLSStel?^' 
SrS th® l“®hr segnKnts intet- 


S nvSf ofiSSmS’^g'^e 

requirenent coefficient for each type of persomS! ^ 


DSP. = 
J 


where 


Total direct sales support personnel required in Region j 

r- 


RCj^ Requirement coefficient for direct support personnel of type k 
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*Expi:essed in 1977 dollars. 

®ie requirement coefficients indicate the number oi direct eup- 
^rt personnel required per salesman when the salesman support 
index is one. Otiis corresponds to an average order quantity per 
custoner of 10 MW, It is assumed that the sales support required 
for customers of this siz ? is equivalent to that for a small 
public utility. 

6. R)tal Direct Sales Personnel Cost 

DSC. = !lDtal direct sales cost in Region j 
^ (in manufacturing year dollars) 

= SRij 
6 3 

iS 

ffhis can be expressed more simply as: 

DSC *{CSi+SSIi*^ 

n 

* 1 . *{l+g^ 

where 

Ij = Labor cost index in Region j 

gg “ Labor cost inflation rate 

n = (Manufacturing Year) -(Base Price Year) 

ACk = Annual compensation rate for direct sales personnel type k 
(Base Price Year $/Year) 

CS i = Annual compensation rate for salesman type i (Base Price 
Year $/Year) 

>;• * 

Standard values to be used for these parameters are presented in 
Appendix B. 






c. 


Indirect Sales Requirements 

Indirect Sales Support Personnel Sutanodel 

Indirect sales support personnel are assumed to Include the -follcs^ing: 

• Pegionai Vice President Sales and Marketing 

• ^fenager, Mvertising “ 

• Manager, Marketing Research 

• Manager, Sales 

• Manager, Sales Engineering 

• Secretary I (Icwer nanagementO 

• Secretary II (middle management) 

• Secretary III (upper mnageroenit)> 


^e ni^r requir^ is determined from the number of salesmen and 
sales staff following the line-staff relationships indicated 

indirect requirements^matfix as 


support personnel (a veotof) fequlired. in 
= D t R D + R (R D) + R^ D t. . . 

where 

R » Indirect personnel requirements matrix 
D - Direct personnel requirements vector for Region j 

^pendix^r^ requirements matrix coefficients are presented in 


cai^nsation rates for all indirect sales support personnel are 
Appendix B to be used for coirputing indirect personnel 


CIS . = Mnual indirect sales personnel cost in Region i 
(in manufacturing year dollars) 

= (ISPj^j * Salary i ) * 1^ * (l + g^)^ 

2 • ice Facilities Cost SuhmnriPi 


Office facility costs include; 


• Office rental 

• Utilities 

• Maintenance 

• Other expenses (property tax and insurance) 


Office rental consists of the buildings, furniture, fixtures anc 
e^nt. The amount of space r^ui?ed is determinS g 
number of ^ople. The equations for Sales Office Facility Costs 
are presented below. Standard values to be used for each of the 
parameters are given in i^ndix B. ^ ™ 
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OS. ~ Sales office s.ize In. Region j (sopaare metei’S) 

- (DSPj ISPj ■)‘*SPP 

where . 

SPP = Mount of offi.ce space per person '(sguc^re raefeerVpetsoh'); 

Ihe total annual office fac^ty cpsts. jin Region i eonputed- 
ffon the following 'relationship?, u n ' 

OFC^v % Ibtal annual office facility -costs ia Region ^ 
{Manufacturing Year cDollars)- 
= ORCj TF'OOCj + OMC j, + COG j 

\^ere 

ORC j ^ Office Rental Rxpense dii Region i 

{Manufactur-ing Yeafe =$/Yeat) '■ ^ 

Office Utilities Expense in Region. I o - 

{ Manufacturing Year '§/Year)“ <’ o 

OMCj = Office Maintenance Rxpense^ Jtt RegiCn j. ■’ 

'■’fendfaSturingYear' $/Year| 


OOG. 


.Other ‘Office Expenses in Regiort J 
(Manufacturing Year $/Year)' > 


O 



"somiel ■regujire' different amounts :of space? -Hcwevert these dif- 
ferences are ppt iirportant. .gtop .the purposes of this mode^:,, an 
^average figure will provide & good enough .-estiiiiate ‘oS the office 
space cbecause 'the personnel rnix remains hcmpgeneous .at aUl levels 
pf sales. 

.Office -Rental Expense ‘Submodel 




T^ere 

b. 


Raqilifcies .Opst index for Region j’ 


OS j - Bales Office Size in Region j 


Ko(OSj ) r= Office Facilities Gapital Cost Function 
¥ Office Facilities ‘Lease Rate 
= -Facilities inflation Rate (%/yeat) 

« (Manufacturing Year) - (Base Price Year) 


g 


H 


h 
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• Office Utilities Expense Subnodel 
CUCj *(14^2) "" 

Where 

= flfeilifeies Cost Index for Region J 

= Office Utilities Cost Rate 
f$/s{^are meter) 



?=^ Sales Oigfice Size in Region j 

(square rnietersl 


^ E 
n 


= Oftilities Inflation Rate (%/year) 

^ (Manufacturing Year) - (Base Price Year) 

Office Maintenance Expense Subnodel 


CMdj => m*b. (OB.)*il.igjj)'^ 


where 

m 


I> - 

KoJffljl 

v) 


n 


Office Maintenance Cost Rate 

(.% of Capital Cost'l . 

r--; 

Fa&ilities- Capital Cpst Index for Region j 
Office Facilities Capital Cpst, Ryndtion 

■Facililies Inflation Rate (%/year) 

O 

(Manufacturing Year^ 4* (Base price Year) 


Rote; i^-thougtomiainienance Posts ^re more labor Intensive than -papitil 
costg.'j it is assumed tha'f the tptal maintenance requirement de^ 
|erid^ pn the capital -cost of 'the r)ffice facilities. Capital 
■•^iPsts include -fftaterials, ■pPnstructicn labor, and architectural 
and; engineering 'design #ees. Furthermore, office maintenance 
represents .a felati^el^ Sitall portion oE the total sales office 
fa^litiesocost. oThus^ the pffdpe maintenance expense is not 
adjusted by 'the labor |:ost ipdex for differences in,|:egional 
labor Gosfes pr by the labor dost ihfiation rate. ' 

• Other 'Office Expenses. Sufcfoodel 

-fo 

OOG. = IQS * tatg^^ 0 c 

u . . is 

'where 

J? “ ^Prcperty Tax: Rate 

(% of Capital CostJ ''ij 

-= Insurance Hate 

Capital Cost) 


IX-10 


3. Sales Expense Suhnodel 
Sales expenses include: 

• Office supplies 

• Travel and entertainment 

• Coinriunications 


• These e:^nses are assumed to vary with the type of custoner and 
are carputed as a function of the direct cast of salesmen. 

SEG* = Annual Sales E}^ense Cost in Eegion j 

(Manufacturing Year Dollars) t 

= gsAEi*SRij *CSi *(l+g3)^ 

where 

SAEj^ = Sales Expense Rate associated with the salesmen who sell to 
Custoner T^pe i 


4. Advertising Expenses Sutanodel 

Since this : is supply side model, the intent of the advertising ex- 
pnses sutsnodel is to prescribe a reasonable estimate of the advertising 
hudgefe ra^^ than to model the optimal advertising budget. Ohe iitpact 
of advertising is extremely difficult to model even for established 
products and is beyond the scope of this model. 

%us, the size of the advertising budget is COiiputed as a function of 
the cost of tte product for each custoiKjr type. This allows the user 
to specify different advertising rates for different types of customers. 

The submodel is ej^ressed symbolically as follows? < 


SAC. = Annual Advertising Cost in Region j 
^ (Manufacturing Year Dollars) 

3 c 

op ADE. * p * d * 10 
i-1 1 ij 

where 

ADEj B Advertising Rate (% of Manufacturing Price) 
for Customer ^lype i 

p B SAMICS Manufacturing Price for Solar Arrays 
(Manufacturing Year $/watt) 

^ ij ~ Annual Demand in Regicxi j by all customers of type 
(megawatts/^'ear) „ ” 

10^ « Conversion Factor (watts/megawatt) 
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Staridard values to be used for the advertising rate, are 
given in Appendix B. The standard rates vary inversely with 
tJie cost of the product. That is, the advertising budget rate 
for small residential customers is higher than for large cen- 
tral power station customers. 

The following rules of thumb were used to establish the standard 
values: 

Firms typically allocate between 1% and 2% of sales to adver- 
tising. Of course this varies among industries. The percentage 
was nearly 5% for tobacco companies and .7% for food retailers 
in 1977. 

Total Indirect Sales Costs 

The total annual indirect sales costs are computed as the sum of 
indirect sales personnel, office facility, sales expense, and 
advertising costs in Region j. 

ISC- = Total Indirect Sales Cost in Region j 
{in manufacturing year dollars) 

= CIS. +OFC. +SEC. +SAC. 

3 3 3 3 

where 

ClSi = Annual indirect sales personnel cost in Region 3 
^ {manufacturing year dollars) 

OFCj = Annual Office Facility Costs in Region j 
{manufacturing year dollars) 

SEC. = Annual Sales Expense Cost in Region j 
^ (manufacturing year dollars) 

SAC: = Annual Advertising Cost in Region j 
{manufacturing year dollars) 
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III. DISTRIBUTION MODEL 


A, General Description 

This section presents the solar array distribution model assunptions 
and equations. Standard values to be used for the model parameters are 
given in Appendix C. Test case calculations and results are presented 
in Section V. 

The purpose of the distribution model is to oorpute the cost of distri- 
buting solar arrays from the manufacturing plant to the final customer. 

To do this, the country is divided into seven geographic areas with one 
regional warehouse distribution center in each area. Exhibit III-l gives 
the location of the distribution centers. 

The model assumes a single factory whose regional location is specified 
by the user. Multiple factory locations can be modeled by restricting 
the distribution demand and making separate runs for each factory. 

For a given manufacturing factory the distribution demand is specified as 
input. The demand is described in total megawatts per year in each Region 
j by custoier type i, (dy ), and in megawatts per shipment by custaner type 
i, model allows for a maximum of three types of customers and 

seven distribution regicKis. 

For each ccxtibination of customer type and distribution region, there are 
two distribution alternatives: 

• Direct shipments from the factory to the customer. 

• Transshipments from the factory through a regional warehouse to the 
customer. 

The model coaputes the least cost distribution alternative for each type 
of customer in each region based on their assumed demand. 'Jhus, some 
regions may have warehouses and others may not. Furthermore, some 
customers in a region may be supplied directly frcxn the factory and others 
from a local warehouse. 

The size of the regional warehouses is optimized fcy conputing the econcsnic 
warehouse order quantity based on their assumed demand. This balances 
the number of shipments with the size of the warehouse. Transportation 
costs are reduced by having larger warehouses requiring fewer shipments. 
However, warehouse operating and inventory holding costs are higher. The 
problem is to compute the warehouse order quantities for each custaner 
to minimize the total annual distribution cost. 
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Ekhibit iii-l 


RE!GIC»IftL WAREHOUSE DISTRIBOTIO;! CENTERS 



Geographic 

Area 

Distribution 

Center 

I 

West Coast 

los Angeles 

II 

Rcxiky Mountain 

Phoenix 

III 

North Central 

Qnaha 

IV 

Great Lakes 

Springfield 

V 

North Eastetft 

Syracuse 

VI 

South Eastern 

Atlanta I 


VII 


South Central 


Dallas 



1 


I--, 


£RE<®:DlIy.Q jags 
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Distribution costs consist of the following catponents: 

Distribution Expenses 

• Salaries and benefits 

• Transportation costs 

• Warehouse facility costs 

- Building lease 

- Utilities 

- Other expenses 

• Inventory carrying charges 

Tr^sportation costs vary with weight rather than volume. Star a given 
weight, the model determines the least cost transportation mode. 

Exhpit III-2 illustrates the relationship between cost, mode, and ship- 
^nt weigt. Trans^rtation costs are assumed to depend only on distarce 
and weight ^d are independent of the geographic relationship between the 
origin and destination. 

It is assmred that the manufacturer has a finished goods warehouse at the 
xactory and that the associated costs are part of the manufacturing price. 

Ihe wareh^p inventory model for the regional distribution centers assumes 
uniform, deterministic demand over time. Penalty costs for stockouts are 
assi^d to be sufficiently high so that stocikouts are not allowed. This 
Miplies that the warehouse must be large enough to supply all demand on 
tim. Furtoemore, there are no nmnufacturing price discounts for large 
order quantities, although the distribution price is lower. 

The distribution model requires the following input data fran the user: 


V 


w 


'm 




Input Data 

= Solar array volume 
(cubic neters/megawatt) 

= Solar array weight 
(kilograras/megawatt ) 

= Manufacturing year 

= SMECS Manufacturing Price for solar arrays 
(manufacturing year dollars/watt) 

= Factoiry location Region 

= Average delivery quantity for customers of type i 
(megawatts/shipment) 


for i = 1, 2, and 3 
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Exhibit III -2 


FACTORY-CUSTOMER TRANSPORTATION COSTS 
From Region k to Region j 



The numerical details of this function depend on the average distance between 
k and j and the weight of the product shipment. 


d ij = Annual desnand in Region j fcy all customers of type i 
(niegawatts/year) 

for i = 1, 2, and 3 

and j = 1, 2, 3,... ,7 

y^j = Average distance from the warehouse to the delivery location 
for customer type i in Itegion j (kilometers) 

Fran this input, the model conputes the total annual distribution cost for 
each region. This corresponds to the least cost canbination of direct 
shipments and warehouse transshipments and the econcmic warehouse size. 




■ J 
* 


Q: 


Total cost = 


^ Output 

0 if easterners of type i in Region j are supplied directly from 
the factory 

1 if customers of type i in Region j are supplied frem a warehouse 
^ in Region j 

Cptimal warehouse size in Region j 
(square meters) 

Optimal warehouse order quantity in Region j 
(megawatts/shipment) 

* 

j ) + DCkj 


\^ere 

^kj “ Annual Distribution Cost in Region j for customers supplied 
directly fran the factory in Region k 
(manufacturing year dollars) 

* 

ICj^j (Qj) = Annual Distribution Cost in Region j for custcoers supplied 

from a regional warehouse in Region j with transshipments from 
the factory in Region k 
(manufacturing year dollars) 

The optimal wareh^se order quantity, Qj *) is determined by varying the order 
quantity parametrically (over a broad range) , conputing the corresponding ware- 
house size and distribution costs for each quantity, and selecting the o^antity 
which yields &e lowest annual distribution cost. This is repeated for all 
possible conbinations of direct and indirect shipments, X . The optimal 
value X ij * is the canbination which yields the lowest total cost. The corre- 
sponding warehouse order quantity is the optimal value, Q ; 

J 

Following is a description of the parameters and underlying assunptions for 
the model equations to corpute these costs. 


ni-3 
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Direct Factory - Customer Shipments 


If there is a warehouse in Region j (that is, if Xij = 1) , all deliveries 
to customers of t^ i in Region j go thru the warehouse. All other cus- 
tomers (that is, if Xij = 0) are supplied directly from the factory. 


Ihe cost of supplying customers directly frcxn the factory is given by 
the following relationship: 



where 


DC 


kj 



X 


ij 



3 


Z ^ * (l-Xij 
1=1 qi 


>*C (Zij ,Skj jd+g^)"" 


— Annual distribution cost in Region j for customers supplied 
directly from the factory in Itegion k 
(in ffenufacturing Year Dollars/year) 

= Annual demand in Region j by all custcmiers of type i 
(megawatts/year ) 

^0 if custcmers of type i in Region j are supplied directly 
= j fron the factory 

f 1 if custcmers of type i in Region j are supplied frcxn a 
warehouse in Region j 

= 1:*: nsportation inflation rate 

= (Manufacturing Year) - (Base Price Year) 


qi 


w 



®kj 


C(Zj,s 



Average delivery quantity for custcmers of type i 
( megawatts/del ivery ) 

Solar array weight (kg/megawatt) 

Average shipment weight to custcmers of type i 
(kilograms/delivery) 

q *w 

Average shipping distance from Region k to Region j (kilometers) 

Interregional transportation cost as a function of the ship- 
ment weight, and distance, Sjuj. Ihis is a table look-up 
function presented in ippendix c: The transportation mode is 
optimized by quantity ordered, but regional geography is not 
considered. 
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C, Factory-Warehouse Transshiments 

The cost of supplying dotiand in Region j frcm a regional warehouse is 
corposed of three parts: 

• Factory-Warehouse Transportation Cost 

The cost of transporting the product in buiJc fran the factory in 
Region k to the warehouse in Region j. Tliis is a function of the 
distance and the economic shipment quantity and includes the cost of 
processing the order. 

• Warehousing Costs 

This consists of inventory carrying costs, warehouse qperating costs, 
and warehouse capital costs. 


• Delivery Costs 

This is the cost of distributing individual units from the warehouse 
to the custaners. 

Given the total d^nd in Region j by each type of custc^r, d ij , _ the 
first two cost functions must be optimized to determine the economic 
warehouse order quantity. dJiis balances the number of shipments with^ 
the size of the warehouse. It is assumed that the penalty cost afoci^ed 
with stockouts is sufficiently high that stockouts are not allowed. 
would likely be the case, for exanple, if the customer not merely the 
sale - were lost if the product could be delivered on time. ) 

The annual demands, di: , the average delivery quantities, q^r 
solar array weight, w, are input variables v^ose values are specified 

by the user s 

The interregional shipping distances and the transportation cost function 
are standard data whose values are listed in Appendix C. The ^st func- 
tion is a piecewise linear function of the quantity shipped and the 
tance traveled. 


Xii is a decision variable whose value is determined to 

minimize total annual distribution costs. This determines vAiich custoners 


CJUL-O-U CUUiUCUU n . n r; * 1 

are supplied from the factory and which are supplied frcm a regional 
warehouse. 


ICfcj (Qj) 


Tbtal annual distribution cost for Region j warehouse 
transshipments from the factory in Region k as a func-^ 
tion of the warehouse order quantity Qj (in Manufacturing 
Year Dollars) 


where 

(Qj) 


= T 






+ W. 




+ L. 
J 


Annual transportation cost for shipments frcm the factory 
in Region k to the warehouse in Region j as a function of 
the order quantity Q- (in Manufacturing Year Dollars) 

J 
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Wj (Qj ) = Annual warehousing cost in Region j (in Manufacturing 

-.year Dollars) 

“ Annual delivery cost in Region j (in Manufacturing Year 
Dollars) 


1 . 



Factoiry-Warehouse Transportation Cost 


Tkj (Qj) = 


vdiere 

Q- 

J 

d.. 



“ij * ij 


[OP + C (Qj * w, Sj^j)3 (1+g.j,)^ 


Factory Warehouse Shipment Quantity in Region j (megav/atts) 

Annual demand by all custoners of type i in Region j 
(megawatts/year) 




if custoners of type i in Region j are supplied 
directly frcM the factory 

if custoners of type i in Region j are si^jplied 
from a warehouse in Region j 


OP 


Order processing cost ($/shipment) 


= Solar array weight (kilograms/megawatt) 


s, . = Average shipping distance fron Region k to Region j 

J (kilometers) 

C(Qj*w,Skj) = Interregional transportation cost as a function of 
the Shipment weight and distance 


g 


T 


Transportation Inflation Rate 


= (Manufacturing Year) - (Base Price Year) 


Warehouse Costs 


Wj (Qj) 


Annual warehousing cost in Region j as a function of 
the order quantity Qj (in manufacturing year dollars) 

CC (Qj) + OCj(Qj) + (Qj) 

cc (Q.) 


Annual inventory carrying cost as a function of the 
warehouse order quantity in Region j (in manufacturing 
year dollars) 

OCj(Q.) 


Annual warehouse operating cost in Region j as a func- 
tion of the order quantity, Qj{ in manufacturing year 
dollars) 

K:j(Q.) 

- 

Amual warehouse leasing cost in Region j as a func- 
tion of the warehouse order quantity Qi (in manufac- 
turing year dollars) 
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• Inventory Carrying Oast 


CC (Q^.) 
where 




iQ/2) * p 10 ^ ($/year) 


Factory-warehouse shipment quantity in Begion j 

Note: (Qj/2) = Average inventory level assuming 

zero s^ety sixxdc and uniform demand 
over time* ^ Given a deterministic 
demand (. this assunption minimizes the 
warehouse costs. 




■i Q 4.U “r — ^ j-wx. csuxar arrays i^/watt 

i.e., the unit value of inventory in manufacturing 
year dollars ^ 


Annual inventory carrying charge as « % of unit value 
Conversion factor {watts/megawatt) 


Warehouse Cperatirig Ctost 


include personnel, utilities, maintenance, 
property tax, and insurance on the building and equipment. 


OCj(Qj) St pCj + UCj + XCj + SCj + MCj 

PCj = Personnel Cost = 1 *P(^- )*(l4g b)“ 

UCj = Utilities Cost = *^*U.*Fj*(l+g ;g)"^ 

XCj = Kxtstiy Tax Cost +bj *K^(Fj ) 

SCj = insurance Cost = 4- *tej*k^Ej )+bj*Kb(PiV(l 4 gjjtt] 

MCj = Maintenance Cost - m*[ej*KJP. )»(Ugj) -*j Klig/ ] 

where 

Ij Labor Cost Index for Region j 

UB = Labor Inflation Rate (%/year) 


^^ilihy Ctost Index for Region j 
= Utilities Inflation I^te (%/year) 
= Equipment Cost Index for Region j 
— Equipment Inflation Rate (%/year) 
= Building Cost Index for Region j 
= Facilities Inflation Rate (%/year) 
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u 


w 


w 


m 


F. 

J 


= Utility Cost Rate ($/square meter/year)> 

Property Tax Rate (% of capital cost/year) 

= Insurance Rate (% of capital cost/year^ 

= Maintenance Cost Rate (% of capital cost/year) 

= Warehouse size in Region j as a function of the warehouse 
order quantity (square maters) 


Note: This is a piece-^wise linear function of the order size/ Q f 
and is derived ih ippendix C, 

P(Pj ) = Personnel Cost Function ($/year) includes both wages 
and benefits 

Kg(Fj ) = Equipment Capital Cost Function 
K|j(Fj) = Building Capital Cost Function 
n = (Manufacturing Year) “ (Base Price Year) 

Warehouse Size 

The size of the regional warehouses is a function of the econcmic or 
optimal factory-warehouse order quantity,: 'Q*. / the |>hysix»l volume 
g£ the solar array modules , j, and the warehouse space utilization 
factor ihis is a piece-wise linear function of Q and is derived 
in i^pendix C. 

^ = Warehouse size in Region j (Square maters) 

Pj = o< *iyr*Q^ (Table look-up function of Q ) 
where 

Q = Factory-warehouse shipment quantity in Region j (megawatts) 

V = Solar array volume (cubic meters/negawatt) 

OC = Warehoase space utilization factor 

The utilization factor adjusts for the stacking height and the 
amount of space required for circulation and offices. A standard 
value for this parameter is derived in -flppendix C. 

Warehouse Leasing Cost 

Annual warehouse leasing costs are ooiiputed separately tor plant 
and equipnent based on the economic lives and the lessor's rate of 
return. 

1C. (Q.) = Annual warehouse leasing cost in Region g as a func- 
tion of the warehouse order quantity Q- 
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1 


t ■ 


!;■ 

m) 




%*■ 


- j )*^fi^-^j/ 

~ Equipnenfc Cost IndeJi 
= Building Cost Index 


IC, (Q/) 
3 J 


'2 


^2 


Annual lease Rate for Bguipment 
{fraction of capital eost/year) 


n 

X , 


Equipment Inflation Rate (%/year) 
(Manufacturing Year) - (Base Price Year) 


Annual lease Rate for Building 
(fraction of capital cost/year) 




= J’acilities Inflation Rate (%/year) 


F . 
3 


Warehouse size in Region 3 (square jneters). as a function 
of the order quantity Q 


K^CFj) 


= Equipment Capital Cost Function 

K^(P.) Building and Land Capital Cost Function 
3 

Custoter Delivery Costs 


Based on an analysis of local freight carriage costs in different 
regions of the 13.8^.^ transportation costs fron the Warehouse to the 
custcmers can be minimized when the ccnpany' twns and cparates a fleet 
of delivery trucks. Ihe costs of owning ahd' operating h^aelivery 
truck are divided into fixed and variable cotponents. Fixed: costs 
include drivers' wages and benefits ^ 'vehicle capital charges, aepre=- 
ciaticxi, and insurance. Variable Costs ) 9 er :kilcme ter .consist of 
gas, oil|( and maintenance. 5h& following are formulas for -Confuting 
these costs and the fleet Size required. 


O 




Total Annual Local or Intraregional Deliver^ Costg finlfegion ^ 
(in manufacturing year dollars) 

n O 

[TK * cFC + VC *= KM] (lig^j.) 


vrtiere 
TK =* 


FC = 
VC = 
KM = 
* 


Vehicle Fleet Size fyehidles) O 

Annual Fixed Cost per vehicle , ($/vehicld-year)j 
Variable Operating Cost per vehicler-icilometer |^^/kilcmeters) 
Total distance traveled (kilometers/year) by all vehicles 
Transportation Inflation Rate (%/year) 


n = (Manufacturing Year) (Base Price Year) 
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# Custcmers 


SlaSSiips? distance traveled are given fcy the following 

Fleet Size Sutanodel O 

nu^r of regional delivery trucks required is ccnputed bv divir?inrf 
the total travel distance by the vehicle distance ca^^ ^ 

(rounded up to an integer value) 

MC 

Travel Distance SuhtmdP »1 

mTaf “ - given region is 

.0 

KM = itotel Distance Traveled hy all vehicles 
(kilometers/year) 

= (# Tours) * (Distance per tour) 

(# Custro mers) * (Distance per tour) 

{ #Cus tcsnsrs/Tour) 


a . 
“ 1 

WC 


i ) 


# Customers/lbur - q 7 *^^ 

Distance/Otour w y.^ * (57V) 
KM 


+ y. 


ij 




KM = X 


i=l 


d if * - - 

Hjy. *ij 

% 


ij '^1 + * yij 


Xij. =r f™“SriSto^'®^. " “ i directly 

V wlr*o,!?ln ^ ^ 

WC - Vehicle Load Capacity (kilograms/shipment) 

w = Solar Array T-feight (kilograms/negawatt) 

Yij - Average distance fran the warehouse to the delivery location 
„ ^ (^.cmeters) in legion j ^«^ation 
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c3istance, yji , is specified as input by the 
user fp<3 can be used to model differences in the custaner location 

^® 5 ions and/or types of customers. A constant 
y^ue of 50 kilometers for all regions and customers was used for 
the test case presented in Section V. 


Appendix C contains standard values for the fixed cost, variable 
Gyrating cost, distance -capacity, and load capacity for medium 
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A. General Description 


The financial model of tlie firm consists of the equations used to aatpute 
sales revenues, taxes, and profit based on the marketing and distribution 
expenses. 

The model parameters are expressed in tlie standard financial statement 
terms to facilitate the preparation of projected income statements for 
each region. 

The inputs include tlie demand distribution hy region, tlie manufacturing _ 
price, the effective income tax rate, and the net after tax profit margin. 
Witli tliis data and the marketing and distribution costs, projected inccroe 
statements and solar array price estimates are produced. 

The inccroe statements are generated for a steady-state manufacturing year. 
Tlie solar array prices (expressed in dollars per peak watt) are conputed 
by dividing the annual array sales revenues by tlie dsnand. The price 
estimates include all manufacturing, marketing, ^ distribution expenses 
as well as a reasonable profit margin. Tlie profit margin is a model para- 
meter whose standard value is presented in Appendix A. 

For cavparisons with tlie JPL project price goals which are stated in 1975 
dollars, a price level adjustment is made to deflate the prices to 1975 
base year dollars. 

Follcwing is a more detailed description of the model parameters and equa- 
tions. 

B. Projected Incone Statements 

Exliibit IV~1 shews the income statement accounts for SELLCO, tlie hypothe- 
tical solar array sales and distribution company. 

The costs and revenues on this statement are e:ipressed in manufacturing year 
dollars. 

The cost of goods sold is cenputed from the SAMICS manufacturing price and 
the demand distribution. These are specified as inputs by tlie model user. 

Foliating are the financial model equations defining eacli of tlie income 
statement variables. 


Exliibit IV-1 


SELLCO 

SOIAIi ARW SMiES DlSTRlBUTIOSf CaNJPftNY 
INCOMl? STATEMSNT FOR 'niE XEMi ENDING ____ 


Sales; 

Haiseholvl pt'odacts 
Oamieraial products 
Central pester stations 

Total sales 

Cost of goods sold: 

HouseliDld products 
Coiwtorcial products 
Central pov^fer stations 

Total cx 2 St 

Gross profit 

Expenses: 

Distribution (Schedule A) 
Marketing (Sd\edule B} 

Ttotal expenses 

Net profit before tax 
Net inccHte tax 

Net profit after tax 


Schedule A 

Distribution expenses: 

Salaries and benefits 
Transportation 
Warehouse facilities: 

I^ase 
Utilities 
Otlier expenses 

Tbtal warehouse expenses 

Inventory carrying charges 

Tbtal distribution expenses 


Schedule B 

Marketing expenses: 

Salaries and benefits 
Sales expenses 
Office facilities: 

Lease 
Utilities 
Maintenance 
Other expenses 

Tbtal office expenses 

Advertising 

Tbtal niarketing expenses 
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Revenue 


iw. 


where 

CGSj 



IMKj 


Ttotal Annual Revenue in Region j 
(manufacturing year dollars) 

f l-'i' \ [CX3S: + TEK. + TMX. ] 

^ 1 I ^ ^ 

Ibtal Annual Cost of Goods Sold in Region j 
(manufacturing year dollars) 

Tbtal Annual Distribution Expense in Region j 
(manufacturing year dollars) 

■total Annual Marketing Ej^ense in Region j 
(manufacturing year dollars) 

Effective Income Tax Rate 


Net Profit Margin Rate 


Cost of Goods Sold 


CGSj 


total Annual Cost of Goods Sold in Region j 
(manufacturing year dollars) 

2 dy * p * 10 

1=1 


d • < = Annual Demandin Region j by all custcsnars of type i 

(megawatts/year) 

p = SAMICS Manufacturing Price for Solar Arrays 
(manufacturing year dollars/watt) 


Gross Profit 

GRO . = total Annual Gross Profit in Region j 

^ (manufacturing year dollars) 

= REVj - CGSj 
Distribution Expense 

TDX . = total Annual Distribution Expense in Region j 

J (manufacturing year dollars) 

= ICkj (Qf) -^DCkj 


IV-2 


vAiere 



* 

ICi,j (Qj ) 


* 


Annual Distribution Cost in Region j for caas toners supplied 
directly from the factory in Region k 
(manufacturing year dollars) 

Annual Distribution Cost in Region j for custoiers supplied 
from a regional warehouse in Region j with transshipments 
from the factory in Region k 
(manufacturing year dollars) 



- Optimal warehouse order quantity in Region j 
(megawatts/shipment) 


Marketing Expense 


™Xj 

= Total Annual Marketing Ej^ense 
(manufacturing year dollars) 

in Region j 


= DSCj + ISCj 


where 



nscj 

- Total Annual Direct Sales Cost 
(manufacturing year dollars) 

in Region j 

ISCj 

= Total Annual Indirect Sales Cbst in Region j 
(manufacturing year dollars) 


Net Profit Before Tax 


NPB. = Net Profit Before Inccsne Taxes in Region j 
(manufacturing year dollars) 


NPBj = GROj - TDXj - TMXj 


Incone Tax 


TAXj = Ototal Annual Inccne Tax Expense in Region j 
(manufacturing year dollars) 

TAXj = ^ * NPBj 

where 

'Y = Effective Incone Tax Rate 
NPBj = Net Profit Before Taxes in Itegion j 
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Net Profit After Tax 


NPA = Net Profit After Income Tax in Region j 
(manufacturing year dollars) 

= NPBj - TAXj 

= * REVj 

where 

After Tax Profit Margin 
(Fraction of Total Revenues) 


Solar Array Price Estimates 

The solar array prices expressed in dollars per peak watt are conputed 
separately for each customer product. Tie annual array sales revenues 
are divided by the denand. 

The prices include the manufacturing costf marketing expense, distribu- 
tion expense, income tax, and profit. 


SAP. . = Solar Array Price for Customer Type i in Region j 
^ (1975 dollars/watt) 


where 

REVij = 


REi Vij 


d 


ij 


6 

* ^ * 10 


Total Annual Sales Revenues for product i in Region j 
(manufacturing year dollars) 


d i j = Total Annual Demand for product i in Regicxi j 

^ = Deflator 


m 


i 


1976 - t 

(1 + i) 


m 


Steady-State Manufacturing Year 
Deflation Rate 


The standard value for the deflation rate is presented in i^pendix A. 


V. TEST CASE 


A, ifest Case Input Data 

1. Supply Side Description 

2. Demand Side Description 


PagB 

V-1 

V-2 


B. Marketing Model Results 

1. Sales and Marketing Personnel Requirements 
Sales and Marketing Ej^ense Summary 
3. Solar Array Marketing Costs Per Vlatt 


V-3 

V-3 

V-4 

V-5 


C. Distribution Mcdel Results 

1. Distribution Network Cbnfiguraticn 

2 . Distribution Expense SurnnHiy 

3. Solar Array Distribution Costs Per Watt 


D. Financial Model Results 

1. SEIXCO Projected Income Statements 

2. Solar Array Price Estimates 
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V-9 
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V. TEST CASE 


A, 


"Ifest Case Input Data 
1. Supply Side Description 
Production level = 

Manufacturing year = 

Manufacturing price = 

Deflation multiplier = 

Solar array weight = 

Array dimensions = 

Packaged in wood crates 
Array volume (packaged) = 

Array performance = 

Efficiency = 


500 Mff/year 
1986 

$.50 (1975 dollars) 

$.959/watt (1986 dollars) 

.5214 

55 Ib/array = 24.948 kg/array 

14.6 ft^ X 2 in thick = 1,36 m x 5.09 cm 

8 ftVarray = .2265 m^/array 

160 watts/array 

11 . 8 % 


MODEL INPUT PARMIETERS 


w = Solar array unit weight 
V = Solar array unit volume 
p = Solar array unit price 

Factory location 

t^^ Manufacturing year 


= 155 , 925 kg/mw 

= 1415.805 rn^mw 

= $ . 959/watt 
1986 dollars 

= Region II: Phoenix 
Rocl^ Mountain 
Region 

= 1986 
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2. Demand Side Description 



Ccmmercial 

Intermediate 

Public Utility 
central Station 


Average Order 
Quantity 

AOQi 

(MW) 

Average Delivery 
Quantity 

Qi 

(MW) 

Total 

Demand 

Di 

(MW) 

Number 

Of 

Orders 
Per Year 

Number 

Of 

Deliveries 
Per Year 

.01 

.01 

200 (40%) 

20,000 

20,000 

.50 

.50 

100 (20%) 

200 

200 

50.00 

5.00 

200 (40%) 

4 

40 


Custoner 

Type 

d.. 

Customer Demand Distribution (MW/YR) 

Total 

Market ^'\i 

Region 

Residential 

Household 

1 

Commercial 

Intermediate 

2 

Public Utility 
Central Station 

3 

Aiinual 

Demand 

(MW) 

I West Coast 

50.0 

25.0 

50.0 

125.0 

II Rocky Mountain 

60.0 

30.0 

50.0 

140.0 

III North Central 

10.0 

5.0 

0.0 

15.0 

IV Great Lakes 

10.0 

5.0 

0.0 

15.0 

V North Eastern 

20.0 

10.0 

50,0 

80.0 

VI South Eastern 

10.0 

5.0 

0.0 

15.0 

VII South Central 

40.0 

20.0 

50.0 

110.0 

Total 

200.0 

, 1 

100.0 

200.0 

500.0 































B. Marketing Model Results 


1. Sales and Marketing Personnel Requirements 


Market Region 

Salesman 

Direct Sales 
Support Staff 

Indirect Sales 
Support Staff 

Total Sales 
Personnel 

I . West Coast 

125 

50 

60 

235 

II. Rocky Mountain 

150 

58 

72 

280 

III. North Central 

25 

18 

11 

44 

IV. Great Lakes 

25 

8 

11 

44 

V. North Eastern 

50 

25 

26 

101 

VI. South Eastern 

25 

8 

11 

44 

VII. South Central 

100 

41 

49 

190 

All Regions 

500 

198 

240 

938 


(53%) 

(21%) 

(26%) 

(100%) 


2. Sales and Marketing Expense Summary* 


Market Region 

Salaries 

And 

Expenses 

Sales 

Expenses 

Office 

Facilities 

Expenses 

Advertising 
' Expenses 

Tot^ ' 
Marketing 
Expenses 

I. 

West Coast 

$11,600,665 

$1,144,634 

$357,015 

$1,246,700 

$14,349,014 

II. 

Rocky Mountain 

13,585,452 

1,350,541 

380,565 

1,486,450 

16,803,008 

III. 

North Central 

1,996,253 

206,411 

69,525 

239,756 

2,511,939 

IV. 

Great Lakes 

2,285,647 

236,333 

66,169 

239,750 ; 

2,827,899 

V. 

North Eastern 

4,603,451 

426,200 

168,483 

527,450 

5,725,584 

VI. 

South Eastern 

1,689,135 

174,657 

62,261 

239,750 

2,165,803 

VII. 

South Central 

8,011,289 

781,629 

255,357 

1,006,950 

10,055,225 

All Regions 

$43,771,892 

$4,320,405 

$1,359,375 

$4,986,800 

$54j438,,472 


*Expenses are expressed in 1986 (manufacturing year) dollars. 





Solair Array Marketing Costs Per Watt 


- Customer 

T5?pe 

Region 

•i 


I West Coast 

II Rocky Mountain 

III North Central 

IV Great Lakes 

V North Eastern 

VI South Eastern 

VII South Central 


All Regicgis 


Residential 

Household 

1 

Ccsnmercial 

Intermediate 

2 

Public Utility 
Central, Station ■ 

3 - -- 

Ail 

iiUstcmers 

$.1004 

$.0174 

$.0136 

$.0599 

.0994 

.0708 

.0135 

.0626 

.0966 

.0687 

.. 

.0873 

.1086 

.0776 

. 

.0983 

.0895 

.0634 

.0112 

.0373 

.0834 

.0590 

- 

.0753 

.0862 

.0611 

.0114 

.0477 

$.0955 

$.0679 

$.0124 

$.0568 


"'Expressed in 1975 $/watt 





Distribution Model RpshH-o 

Dj-sfci^ibution Network Configuration 


] 

i 

\ 



1 

i 





Distribution Expense Summ 


Customer 

Type 

Marker'-'-.^i 

Region 

Residential 

Household 

1 

Coinnercial 

Intermediate 

2 

Public Utility 
Central Station 

3 

All 

Custoters 

I 

Vfest Coast 

$1,296,406 

$432,523 

$865,050 

$2,593,979 

II 

Rocky Mountain 

127,947 

63,974 

106,623 

298,544 

III 

North Central 

665,811 

283,217 

0 

949,028 

IV 

Great Lakes 

852,920 

375,104 

0 

1,228,024 

V 

North Eastern 

2,145,472 

974,241 

4,871,208 

7,990,921 

VI 

South Eastern 

944,205 

409,328 

0 

1,353,533 

VII 

South Central 

2,127,709 

£91,423 

2,228,558 

5,247,690 

All Regions 

$8,160,470 

$3,429,810 

$8,071,439 

$1,966,719 


*Expenses are expressed in 1986 (manufacturing year) dollars 

















Solar Array Distribution Costs Per Watt 


Qistcmer 

Type 

Market'^^^i 

Region 

Residential 

Household 

1 

Commercial 

Intermediate 

2 

Public Utility 
Central Station 

3 

All 

Customers 

I West Coast 

$.0135 

$.0090 

$.0090 

$.0108 

II Rocky Mountain 

.0011 

.0011 

.0011 

.0011 

III North Central 

.0347 

,0295 

- 

.0330 

IV Great Lakes 

.0445 

.0391 

- 

.0427 

V North Eastern 

.0559 

.0508 

.0508 

.0521 

VI South Eastern 

.0492 

.0427 

- 

.0470 

VII South central 

.0277 

.0232 

.0232 

.0249 

All Regions 

$.0213 

$.0179 

$.0210 

$.0205 


*Expressed in 1986 (manufacturing year) dollars 












Region 


I West Coast 191,545,190 119,875,000 71,670,190 16,942,993 54,727,197 27,910,870 26,816,327 

II Rocky Mountain 211,906,173 134,260,000 77,646,173 17,101,552 60,544,621 30,877,757 29,666,864 

III North Central 24,984,354 14,385,000 10,599,354 3,460,967 7,138,387 3,640,577 3,497,810 

T^7 25,817,292 14,385,000 11,432,292 4,055,923 7,376,369 3,761,948 3,614,421 

V North Eastern 126,611,107 76,620,000 49,891,107 13,716,505 36,174,602 18,449,047 17,725,555 


III North Central 

IV Great Lakes 


Total 

Sales 

Revenues 


Cost Of 
Goods 
Sold 


Gross 

Profit 



Net Profit 
Before 
Tax 


Income 

Tax 


Ifet Profit 
After 
Tax 


VI South Eastern 25,066,070 14,385,000 10,681,070 3,519,336 7,161,734 3,652,484 3,509,250 

VII South Central 169,110,081 105,490,000 63,620,081 15,302,915 48,317,166 24,641,755 23,675,411 


I 775,040,267 479,5 00,000 295,540,267 74,100,191 221,440,0761112,934,438 108,505,638 


Overall Regions 



















Custoner 

Marke^\._^^i 

Region 

Residential 

Household 

1 

Conmercial 

Intemediate 

2 

Public Utility 
Central Station 

3 

All 

Custcxners 

I West Coast 

$.8595 

$.8127 

$.7316 

$.7990 

II Rocky Mountain 

.8408 

.8007 

.7204 

.7892 

III North Central 

.8839 

.8376 

- 

.8685 

IV Great Lakes 

.9144 

.8634 

- 

.8974 

V North Eastern 

.9036 

.8599 

.7869 

.8252 

VI South Eastern 

.8857 

.8424 

- 

.8713 

VII South Central 

-8596 

.8180 

.7486 

.8016 

All Regions 

$.8636 

$.8201 

$.7469 

$.8082 
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1. MARKETING AND DISTRIBUTION GEOGRAPHIC REGIONS A~1 
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3. INFLATION RATES A-3 
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INFLATION RATES 


INFLATION CLASS 

MEASURE 

ANNUAL 

RATE 

Raw materials 

Crude materials price index 

11% 

Labor 

Manufacturing labor 

8% 

Chanicals 

Industrial chenicals 

13% 

Gcxnmodities 

Producer finished goods 

8% 

Energy & Utilities 

Electric power 

12% 

Land 

Springfield Real Estate 

4% 

Facilities 

Factory and ccmmerical buildings 

9% 

Construction 

Construction and contract labor 

8% 

Bguipnent 

Machinery and equipment 

7% 

Resources 

Natural resources 

15% 

Transportation 

Transportation 

7% 


Sources: (a) Survey of current business statistics (1967 
by the U.S. Department of Commerce. 

(b) Bureau of Labor Statistics- 

(c) Springfield Illinois Chamber of Commerce. 


= 100) published 















REGIONAL COST INDICES 



Labor 

Energy 

and 

Utilities 

Facilities 

Construction 

!■ 

I West Coast 

1.103 

1.320 

1.062 

1.062 

1.062 

II Rocky Mountain 

1.088 

.820 

.969 

.969 

.969 

III North Central 

1.014 

.900 

1.052 

1.052 

1.052 

IV Great lakes 

1.161 

.900 

1.000 

1.000 

1.000 

V North Eastern 

.998 

1.300 

1,114 

1.114 

1.114 

VI South Eastern 

.858 

.950 

.938 

.938 

.938 

VII South Central 

.937 

1.200 

.927 

.927 

.927 

National Average 

1.000 

1.000 

1.041 

1.041 

1.041 


Sources: Forbes, Business Weejc, Bureau of Labor Statistics, Data Resource Institute, 

National Bureau of Economic Research, Business School Professional, Engineering 
News Record, Cbnsus of Wholesale Trade, Caifomia Bureau of Labor Statistics, 
and Site Selection Handbook. 
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FINANCIAL PARAMETERS 


'y = Effective income tax rate = 51% 

^ - Financial leverage = Total Capital 

Total Bgaity 

r = Annual return on equity = 21% 
i = reflation Rate = 6% 

= After Tax Profit Margin = 14% 


1.20 


APPENDIX B 


MARKETING MODEL DATA 
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SALESMAN PECOJCTIVITZ AND SUPPORT INDICES B -1 
DIRECT SALES PERSCNNEL CXM’ENSM'ION RATES B -2 
INDIRECT SALES SUPPORT STAFF RELATIOSSHIPS B -3 
INDIRECT SALES PERSC»JNEL COMPENSATIO!? RATES B-.4 
SALES OFFICE FACILITIES CCST PARAMETERS 5-5 
SALES AND ADVERTISING EXPENSE PiiRAf-BETERS B-6 






DIRECT SALES PERSOSNEL COMPENSATION RATES 


Salesman 


Index 

i 

Description 

-'■ ^Annual ’ 

Compensation* 
CS4 



•c; t:/ ci’ o 

1 

Salesmaen, Household Products 

$18,060 

2 

Salesman, Intermediate Cotmercial Products 

=$24,000 ‘ 

3 

Salesman, Central Power Stations 

$31,920 § 


Direct 


Index 

k 


Description 


rt Personnel 


J^eguironent; 

Coefficient 


Field Engineer 

2.0 

Comirercial Artist 

.1 

Market Research Analyst 

.4 , 

Technical illustrator 

.2 

Technical Writer 

.2 

Advertising Salesman 

.1 ' 


$26,400 

$ 12,|!20 

$25,200 

$18,900 

618,900 

$17,500 


*Con:pensation rates include all v/ages arvl benefits, are ej^ressed in J.977 dpllaf^ 
per year, and based on nationwide averages. ' 












INDIRECT SALES SUPPORT Sl^P REILATICNSHIPS* 


In direct Staff 

Secretary I (Lower M^agement) 


Seq^efeary ir Oliddie Management) 


--Required By Staff 

Salesman, Household Products 
Salesman, Intermediate Conmercial 
Sales^n, Central Power Stations 
Market Research Analyst 
SalesHfian, Advertising 

Manager, Sales Engineering 
Manager, Sales 
Manager, Advertising 
Manager, Market Research 


Sales and Marketing 


Manager^ Advertising 


Coranercial Artist 
Salesraanr Advertising 


Manager, Marketing Research i.* 

, Marketing Research Analyst 


Manager, Sales 


Managerjf; Sales Eng'ineering- 


,^ice President^ Sales and 
‘o Marketing, 




Salesman, Householtl Products 9 
Salesman,, Intermediate Commercial 6 
Salesman, Central Station 4 

Field Engineer n 
Technical Vftriter ' i 
Technical Illustrator , 


Manager, Sales 
J*ianager, Sales Engineering 
Manager, Advertising 
Manager, Marketing Research 



at is 'thecjiumbeif'of "Indirect Staff” for n- ..t, • ’ ’ 


indirect sm.es personnel compensation rates 


Job Title 

vice President f Sales and Marketing 


Manager r Sales Engineering 


Manager, Sales 


Manager, Advertising 
Manager, Marketing Research 


Market Research Analyst 
Technical Illustrator 
Commercial 2^ist 
Technical Writer 
Field Engineer 


Salesman, Advertising 

Salesman, Household Products 

Salesman, Intermediate Commercial Products 

Salesman, Central Power Stations 

Secretary I (Lower Management) 

Secretary II (Middle Management) 

Secretary III (Opper Management) 


Annual Ccnpensation 
(Wages + Benefits) 
(1977 $Aear) . 

$59,800 


$38,400 


$38,400 


$38,400 


$38,400 


$25,200 

$18,900 

$12,320 

$18,900 

$26,400 


$17,500 


$18,060 

$24,000 

$31,920 


$13,650 
$14, ,560 
$15,890 


SALES OFFICE PACILITtivS COST PARAMETERS 


SPP = 

Amount of office space per person 
(square meters/person) 

•• 

12.45 

II 

Office Facilities Lease Rate 
(% of capital cost) 

= 

12.6% 


Office Utilities Cost Rate 
(1977 $/square meter) 


$1.20 

ra = 

Office Maintenance Cost Rate 
(% of capital cost) 

= . 

1.0% 


Property Tax Rate 
(% of capital cost) 

= 

4.0% 

= 

Insurance Rate 
(% of capital cost) 

= 

1.0% 


SALES OFFICE CAPITAL GOST FUNCTIOSr 


Sales Office Size 
(Square Meters) 

S 

Total Office Capital Cost 
(1977 $) 

Ko(S) 

0 S 185 

Kq(S) = 366.49*S 

185 <( S 278 

K (S) = 28412.90 + 212.90*S 

0 

278 <[ S <1 372 

Ko(S) = 5382.98 + 295.74*S 

372 < S </ 557 

Kq(S) = 21696.22 251.89*8 

557 S ^ 1115 

Kq(S) = 3284.95 + 284.95*S 

1115 < S 

K^(S) = 24781.24+ 265.67*8 
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APPENDIX C 


DISTRIBUTION MODEL DATA 


Page 

1. INTERREGICXSAL SHIPPING DISTANCES C-1 


2. INTERRD3ICNAL TRANSPORTATICXJ COST FUNCTIOS C-2 


3. INTRARBGIOIAL TRANSPORTATICN COSTS C~3 


4. WAREHOUSE COST PARAMETER STANDARD VALUES C-4 

• Warehouse Space Utilization Factor 0-5 

• Building Capital Cost Function 0_5 

• Equipment Capital Cost Function C -6 

• Warehouse Personnel Cost 0-6 

• Maintenance Cost Rate 0-8 

• Utility Cost Rate 0 _g 

• Insurance Bate Q_g 

• Property Tax Rate 0-9 

• Equipment Lease Rate 0-10 

• Building Lease Rate 0-10 

• Inventory Carrying Charge Rate 0-10 


TABLE C-1 


INTERREGICNAL SHIPPING DISTANCES 
(Kilometers) 


Destination 

Region 

Origin 

I 

West 

Coast 

II 

Rocky 

Mountain 

III 

North 

Central 

IV 

Great 

Lakes 

V 

North 

Eastern 

VI 

South 

Eastern 

VII 

South 

Central 

Region 

Los Angeles 

Phoenix 

Omaha 

Springfield 

Syracuse 

Atlanta 

Dallas 

I 

West Coast 

Los Angeles 



640 

2788 

3057 

4344 

3540 

2293 

II 

Rodcy Mountain 
Phoenix 

640 



2100 

2782 

3595 

3036 

1652 

III 

North Central 
Omaha 

2788 

2100 

— 

644 

1770 

1609 

1064 

17 

Great Lakes 
Springfield 

3057 

2782 

644 

— 

1287 

965 

1207 

V 

North Eastern 
Syracuse 

4344 

3595 

1770 

1287 



1529 

2414 

VI 

South Eastern 
Atlanta 

3540 

3036 

1609 

965 

1529 

— 

1287 

VII 

South Central 
Dallas 

2293 

1652 

1064 

1207 

2414 

1287 

— 



TABLE C-2 

interregional transportation cost function 


Weight Class 
(Kilograms) 

Transportation 

Mode 

Freight Charge Rate 
(1977 S PPI- inn pr'i1l~irrv=nni-.\ 

Less 

than 

225 

Truck 

20.8400 + ,01845*S 

225 

to 

450 

Truck 

16,3100 + .01986*8 

450 

to 

900 

Truck 

13.3400 + .01951*8 

900 

to 

2250 

Truck 

11.4800 + .01774*3 

2250 

to 

4500 

Truck 

7.0790 + .01845*3 

4500 

to 

10800 

Truck 

i 5.9020 + ,01880*S 

10800 

to 

18000 

Truck 

5.4320 + .01135*3 

18000 

to 

36000 

Hail 

0.7440 + .00918*3 

More than 

36000 

Rail 

0.0192 + .00940*3 


VJhere S - Shipping distance in kilaneters 



TABLE C-3 


INTRAREGIONAL TRANSPOETATION COSTS* 


Following is a list of delivery cost parameters for a medium duty conventional 
truck, A medium duty truck with a capacity of 80/000 kg was selected for the 
base case since it is capable of carrying a load of 500 kw of solar collectors. 
This wouuld correspond approximately to 50 residential customers or to cxie 
connercial customer. 

• Vehicle Distance Capacity 

Assuming 250 days per year and 320 kilometers per day 

MC = 75/000 kilc«ieter£V'vehicle-year 

• Vehicle Load Capacity 

WC = 80/000 kilograms/delivery 

• Annual Fixed Cost Per Vehicle 


Purchase cost/ net $12,500 

Capital recovery (5 year life/ 20% salvage) $2/000 

Annual interest (@ 10.5%,/^ = 1.2) 219 

Annual return on equity (21%, /^ = 1 . 2 ) 2,188 

Tax on,e-iuity 2,188 

Where ^ = Financial = Ttatal Capital 

Leverage Equity Capital $6,595 


Present value of tax savings $484 
Assuming accelerated depreciation at 18.37% 


Annual amortization of tax saving (156 ) 

Net capital cost $6,439 

Insurance 2,000 

Driver's wages and benefits 15,600 

FC = Annual Fixed Cost per Vehicle = $24,039 

• Variable Operating Cost Per Vehicle K .via'n eter 

Gas 


Oil and maintenance $.075/kilcmeter 

.020A^ilometer 

VC = Variable Cperating Cost = $.095Ailoineter 
per vehicle kiloneter 

*A11 costs are expressed in 1977 dollars per year. 
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WAREHOUSE COST PARAMETERS STANDARD VALUES 


CX = Warehouse space utilization factor = ,25 
K |3 = Building capital cost function (Table C-4) 
Kg = Equipment capital cost function (Table C-5) 
P = Personnel cost function (Table C-6) 



Maintenance cost rate = 1%/year 
(% of capital cost/year) 

Warehouse utilities cost rate = $1. 20/square ineter/year 

Property tax rate = 4 %/year 
(% of capital cost/year) 

Insurance rate = 1%/year 
(% of capital cost/year) 

Equipment lease rate = .25/year 
(fraction of Cc'pital cost/year) 

Building lease rate = .126/year 

(fraction of capital cost/year) 


Inventory carrying charge rate 


37.75%/year 


o 


Warehouse Space Utilization Factor 


utilization factor is used to confute the total amount 
required, based on the maximum inventory quantity and 
the physical volume of the solar array units* 


SficP^JrSi®^ Stacking height and allows for circulation and 

flee areas. The standard value is based on the following assunptions: 

The inventory is stacked on pallets five maters high. 

shi^nt occupies 80% of the total warehouse area, 
^is IS toe maximum inventory level with no space for safety stock 
^e ranaining 20% of the warehouse is occupied iy aisles, office 
areas, and restroesns. 


oC = 


Warehouse space utilization factor 


/ 3^ square meter of warehouse floor *) 
- V 80%/ ^ 5 cubic meters of product 


7 


= .25/raeter 

o Building Capital Cost Functinn 


ae capital rast for construction of a warehouse depends on the size and 

^ engineering cost analysis yielded toe 
following average 1977 warehouse contruction costs for Springfield, Illinois. 


Warehouse Size 
(Square Meters) 

Ayerage Construction Cost* 
($/square meter) 

250 

245.96 

1000 

233.58 

2500 

221.21 

25000 

181.92 


*Expressed in 1977 dollars for Springfield, Illinois in Eegion IV. 


These point estimates were used to develop a piecewise linear functicxi to 
conpute building capit^ costs, ihe relaUonfhips, 4ulatS orSe^Sowinc 
page were_ adjusted to include land costs. Since land costs vary considerably^ 
one location to another and do not represent a niajor%Sn“f to toSl 
_ ./ ^ aitpli^ing assunption was made. Ihe cost of land is taken to be 10% 

dSpSdiS S tol^SiS!*' 18 % 

SoSrbe"\^?L3I\°S/gf™ “ns 
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TABLE C-4 


BUILDING CAPITAL COST FUNCTION 


Warehouse Size F 
(Square Meters) 

Total Land And Building Cost 
(1977 $) 

0 < F </ 250 

250 < F 1000 

1000 -<1 P 4 2500 

2500 < P 

Kb(P) = 0.00 + 245.96 *F 

Kj^{F) = 4126.70 -t 229.45 *P 

Kj^(F) = 20616.75 + 212.96 *F 

%(P) = 109140.00 + 177.55 *P 


Bquiptnent Capital Cost Function 

Wareh^se equiprent consists of forktrucks, conveyors, lifts, carts, pallets 
Md otoer materials handling equipment. The cost of itens are approxSated 
as a faction of the size of the warehouse. The following table gives the 

relationships. The function yields economies of 
^ale (that is, decreasing costs per square meter) for larger warehouses. 

^e rationale for this phenomena is that larger warehouses are able to sub- 
stitute capital for labor making autonated equipment more econanically. 


TABLE C-5 


Warehouse Size P 
(Square Meters) 

Equipment Capital Cost 
- - (1977 $) 

0 < P <[ 1000 

1000 < P < 2500 

2500 < F 

Ke(P) = 26*P 

K (P) = 5000 + 21*P 
© 

Kg(P) = 10000 + 19*P 


Warehouse Personnel Cost 

rar^ouse personnel r^uired per square meter of space varies 
with the size of the warehouse. This reflects the assumption that laraer 
warehouses will operate more efficiently and hence require fewer people 
^r square meter. The following tables indicate the type of personnel and 
the quantity required for different warehouse sizes. ■ 



Personnel 

Description 

Percent Of 

Total 

Personnel 

Annual 

Cost* 

Warehouse Supervisor 

10% 

$21,450 

Forklift Operator 

50% 

11,000 

Inventory Clerk 

20% 

13,510 

Material Handler 

20% 

16,800 

Total weighted average 

100% 

13,707 


*The annual cost for personnel includes both wages and benefits and is 
based on a nationwide survey. ^Ihe costs should be multiplied by the 
apprcpriate labor cost index to reflect regional conditicans. 


Warehouse Size 
are Meters) 




Ibtal 

Personnel 


The annual cost for personnel includes both wages and benefits based on a 
nationwide survey, *1116 amounts are ei^ressed in 1977 dollars and should 
be multiplied by the appropriate labor cost index to reflect regional 
conditions. The following table presents equations (corresponding to the 
above table) for corputirg the annual personnel cost as a function of the 
warehouse size. 

















TABLE C-6 


PERSCMIEL COST FONCJTION 


Warehouse Size 

Annual Personnel Cost 

0 < F ^ 2000 

2000 P ^ 5000 

5000 P ^15000 

15000 < F 

P{P) = 27,414 * 

P(F) = 9,138 + 9.1380*F 

P(F) = 13,707 + 8.2242*P 

P(P) = 34,267.50 + 6.8535*F 


F = Warehouse size (square meters) 

P(F) = Annual warehouse personnel cost (1977 $/year) 


• Maintenance Cost Rate 

Maintenance costs for a warehouse can be ai:wroximated as a percent of the 
capital cost of the building and equipmciit. 

m = Maintenance Cost Rate (% of capital cost/year) 

= 1%/year 

m Utility Cost Rate — , 

For a warehouse the major utility ©j^ense is the electric power cost. Hence f 
only electricity costs are confuted directly. Other utility expenses 
(telephone, water, sewage disposal, fuel oil, etc.) are assumed to be a 
multiple of the total electricity cost. Since utility expenses are a small ' 
portion of the total warehouse operating cost, this sinplifying assunpticn 
will not affect the end results significantly. Following are the assunp- 
tions for caiputing the annual utility cost rate per square meter of ware- 
house space: 
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•5 watts 1 square foot 

square foot .0929 square meters 


Electric Power Cost 
Capacity = 


Demand 

Hate 

Cost 


5.38 watts/square meter 

f365 daysN /24 hoik's 
40%\ yeary day J 

3504 hours/year 

$.0319AiJ-cwatt-hour (in 1977 dollars) 

5.38f^3504> ($.0319) 

VlOOO / 

$.60/sc[uare meter 


K>tal Utility Cost: 

, : = Warehouse Utl^Lity Cost Rate 

2 (electr is? power cost) 


w 


- $1.20/square raeter/year 

SS S? ^ringfield, Illinois fn itegion III in 19¥' 

thP ^ to obtain the cost for ether regions, anc 

the utility inflation rate must be used to adjust for other years. 

Insurance Rate 

^ cost of insurance for a warehouse is assumed to fee 1% of the Oriainal 
book value of the warehouse building and equipment. ^ 


) 


= Insurance Rate (% of capital cost/year) 
= 1%/year ^ 


.Broperty Tax Rate 


to be 4% of the t^rket value of- the wareheuse 



^c^rty Tax Rate (% of capital dOst/year) 
4%/year 'r, ^ , 




Bguipnenfc Lease Rait^ 

= (l~s) 

1 ~~ (I'id) ”• 
a 

where 

s = Salvage Value Praotlon « .10; thaS is (1 - s) = Effective teplacetetit 

cost (that is, purchase 
pEice miaus salvage value) 
fraction of the purchase 

n = Economic Life => 5 years price 

i = lessor’s Rats <?£ Return = 12,3% 

^ = .25 

e 

Buildincr Lease R;q^^a. 

= (1“S) 

3. (l-ti3 


where 
s = 0 

n = 40 years 
i = 1.2.5% 




,126 


Inventory garryincf Charge Rate 




^ = Inventory Carrying Charge Rate 

^Cd:^ + rfl\ / 1 \ +lJ 

- \^) U) fe) 


vrfiere 

i = Cost of debt capital = 


el05 


^ ~ Levef^age tatio ^ 'Petal capital 

ffl^tai equity 

2^ = Rate tif return on jeguity .21 

'V = Effective inceme Tax Rate = .si 

\j Inveritory Insurance l?ate S .01 

Ihe values fisted above yield ^ ~ 37i75% 


U2 
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MARKETING EXPENSE SUMMARY^ 
(For All Products by Region) 


Market Rection 


Salaries 

And 

Benefits 


Sales 

Expenses 


Office 

Facilities 

Expenses 


Advertising 


II Pocky Mountain 13f585,452 1,350^541 


III North Central 

IV Great Lalces 

V North Eastern 

VI South Eastern 

VII South Central 


1,996,253 

2,285,647 

4,603,451 

1,689,135 

8,011,289 


206,411 

236,333 

426,200 

174,657 

781,629 


69 ,525 
66,169 
168,483 
62,261 


239,750 

239,750 

527,450 

239,750 


Ototal 

Marketing 

Expenses 


I West Coast $11,600,665 $1,144,634 $357,015 $1,246,700 $14,349,014 


380,565 1,486,450 16,803,008 


2,511,939 

2,827,899 

5,725,584 

2,165,803 


255,357 1,006,950 10,055,225 


All Regions $43,771,892 $4,320,405 $1,359,375 $4,986,800 $54,438,472 


*Co 5 ts are expressed in 1986 (nanufacturing year) dollars, 












SALARIES AND BENEFITS* 
(By Product and Region) 



Market Reqion 

Residential 

Household 

Products 

interrcediate 

COTimercial 

Products 

central 

Power 

Ibtal 

Salaries 

I 

Vfest Coast 

$7,667,142 

$2,765,895 

$1,167,628 

ana oenetits 

$11,600,665 

II 

Rocky Mountain 

9,127,576 

3,293,462 

1,164,414 

13,585,452 

III North Central 

1,466,447 

529,806 

0 

1,996,253 

IV 

Great Lakes 

ii-679,036 

606,611 

0 

2,285,647 

V 

North Eastern 

2,683,643 

966,761 

953,047 

4,063,451 

VI 

South Eastern 

1,240,838 

448 ,297 

0 

1,689,135 

VTI South Central 

5,169,816 

1,864,431 

977,042 

8,011,289 


All Regions 

$29,034,498 

$10,475,263 

$4,262,131 

$43,771,892 


ty the 


ui 


SALES EXPENSES* 
(By Product and Region) 


Market Region 

I West Coast 

II Rocky Mountain 

III North Central 

IV Great Lakes 

V North Eastern 

VI South Eastern 

VII South Central 

All Regions 


Residential 

Household 

Products 

Intermediate 

Commercial 

Products 

Central 

Power 

Stations 

Ibtal 

Advertising 

Expense 

$783,094 

$339,547 

$21,993 

$1,144,634 

926,936 

401,912 

21,693 

1^350,541 

143,984 

62,427 

0 

206,411 

164,857 

71,476 

0 

236,333 

283,417 

122,885 

19,898 

426,200 

121,833 

52,824 

0 

174,657 

532,189 

230,757 

18,683 

781,629 

$2,956,310 

$1,281,828 

$82,267 

$4,320,405 




OFFICE FACILITIES EXPENSES 
{By Product and Region) 


Market 

Residential 

Household 

Products 

Intermediate 

Commercial 

Products 

Central 

Power 

Stations 

I West Coast 

$214,178 

$80,364 

$62,473 

II Rocky Mountain 

235,165 

88,238 

57,162 

III North Central 

50,556 

18,969 

0 

IV Great Lakes 

48,116 

18,053 

0 

V North Eastern 

81,185 

30,461 

56,837 

VI South Eastern 

45,274 

16,987 

0 

VII South Central 

146,770 

55,072 

53,515 

All Regions 

$821,244 

$308,144 

$229,987 


$357,015 

380,565 

69,525 

66,169 

168,483 

62,261 

255,357 


*Expressed in 1986 (manufacturing year) dollars and adjusted ty the regional 
facilities cost indices. 













ADVERTISING EXPENSES* 
(By Product and Region) 


Market Region 

I Ifest Coast 

II RocI<y Mountain 

III North Central 

IV Great Lakes 

V North Eastern 

VI South Eastern 

VII South central 

All Regions 


Keaiaenriai 

Household 

Products 

intermediate 

Ccranercial 

Products 

Central 

Fewer 

Stations 

Total 

Advertising 

ElVkOencip 

$959,000 

$239,750 

$47,950 

$1,246,700 

1,150,800 

287,700 

47,950 

1,486,450 

191,800 

47,950 

0 

239,750 

191,800 

47,950 

0 

239,750 

383,600 

95,900 

47,950 

527,450 

191,800 

47,950 

0 

239,750 

767,200 

191,800 

47,950 

1,006,950 

$3,836,000 

$959,000 

$191,800 

$4,986,800 


*Expressed in 1986 (manufacturing year) dollars. 



TOTAL MARKETIIJG EXPENSES 
(By Product and Region) 


T 

Market Reoion 

Residential 

Household 

Products 

Intermediate 

C3OTm9rcial 

Products 

Central 

Pcwer 

Stations 


I West Coast 

$9,263,414 

$3,425,556 

$1,300,044 

$14,349,014 

II Rocky Mountain 

11,440,477 

4,071,312 

1,291,219 

16,803,008 

III North Central 

1,852,787 

659,152 

0 

2,511,939 

IV Great Lakes 

2,083,809 

744,090 

0 

2,827,899 

V North Eastern 

3,431,845 

1,216,007 

1,077,732 

5,725,584 

VI South Eastern 

1,599,745 

566,058 

0 

2,165,803 

VII South Central 

6,615,975 

2,342,060 

1,097,190 

10,055,225 

All Regions 

$36,648,052 

$13,024,235 

$4,766,185 

$54,438,472 








[ 

t 

I 

I 
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MARKETING EXPENSE SUMMARy* 

(For Household Products by Region) 


t ; 


-■ 

Salaries 

And 

Benefits 


Office 

Facilities 

Expense 



I tfest Coast 

$7,667,142 

$783,094 

$214,178 

$959,000 

$9,623,414 

j II Rocky Mountain 

9,127,576 

926,936 

235,165 

1,150,800 

11,440,477 

III North Central 

1,466,447 

143,984 

50,556 

191,800 

1,852,787 

IV Great Lakes 

1,679,036 

164,857 

48,116 

191,800 

2,083,809 

1 V North Eastern 

2,683,643 

283,417 

81,185 

383,600 

3,431,845 

VI South Eastern 

1,240,838 

121,833 

45,274 

191,800 

1,599,745 

VII South Central 

5,169,816 

532,189 

146,770 

767,200 

6,615,975 

1 All Regions 

$29,034,498 

$2,956,310 

$821,244 

$3,836,000 

$36,648,052 


*Expressed in 1986 (manufacturing year) dollars. 
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MARKETING EXPENSE SIMIARY* 

(For Intermediate Gcmmercial Products by Itegion) 


I_ ■ 

Market Region 

Salaries 

And 

Benefits 

Sales 

Expenses 

Office 

Facilities 

Expense 

Advertising 

Expenses 

Total 

Marketing 

EhfDenRPK 

t 

I Ifest Coast 

$2,765,895 

$339,547 

$80,364 

$239,750 

$3,425,556 

II Rod^ Mountain 

3,293,462 

401,912 

88,238 

287,700 

4,071,312 

III North Central 

529,806 

62,427 

18,969 

47,950 

659,152 

IV Great Lakes 

606,611 

71,476 

18,053 

47,950 

744,090 

-V North Eastern 

966,761 

122,885 

30,461 

95,900 

1,216,007 

VI South Eastern 

448,297 

52^824 

16,987 

47,950 

566,058 

VII South Central 

1,864,431 

230,757 

55,072 

191,800 

2,342,060 

All Regions 

$10,475,263 

$1,281,828 

$308,144 

$959,000 

$13,024,235 


*Ej^ressed in 1986 (manufacturing year) dollars. 







MARKETING EXPEKBE SUMMARY* 

(Eor Central Power Station Products By Region) 


Market Region 

Salaries 

And 

Benefits 




Total 

Marketing 

Exnpenses 

I 

Vfest Coast 

$1,167,628 

$21,993 

$62,473 

^47,950 

$1,300,044 

II 

Rocky Mountain 

1,164,414 

21,693 

57,162 

47,950 

1,291,219 

III 

North Central 

0 

0 

0 

0 

0 

IV 

Great Lakes 

0 

0 

0 

0 

0 

V 

North Eastern 

953,047 

19,898 

56,837 

47,950 

1,077,732 

VI 

South Eastern 

0 

0 

0 

0 

0 

VII 

South Central 

977,042 

18,683 

53,515 

47,950 

1,097,190 

All Regions 

$4,262,131 

$82,267 

$229,987 

$191,800 

$4,766,185 


*Expressed in 1986 (manufacturing year) dollars. 
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SALES AND MARKETING PERSONNEL COST SUMMARY* 
(By Personnel Category and Region) 


Market Region 

Salesman 



Total Sales 
Personnel 

I 

West Coast 

$5,346,964 

$2,674,567 

$3,579,134 

$11,600,665 

II 

Itocky Itountain 

6,314,644 

3,073,567 

4,197,241 

13,585,452 

III 

North Central 

969,632 

405,687 

620,934 

1,996,253 

IV 

Great Lakes 

1,110,200 

464,500 

710,947 

2,285,647 

V 

North Eastern 

1,974,954 

1,222,062 

1,406,435 

4,603,451 

VI 

South Eastern 

820,458 

343,274 

525,403 

1,689,135 

VII 

South Central 

3,646,254 

1,897,294 

2,467,741 

8,011,289 

All Regions 

$20,183,106 

$10,080,951 

$13,507,835 

$43,771,892 


i 

*Costs are expressed in 1986 (inanufacturing year) dollars and adjusted by the 
j regional labor cost indices. Ccxtpensation includes both salaries and 

' benefits. 
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SALESMAN CXDSTS* 

(By Product and Region) 


Market 

Region 

Personne3>'\^^^ 
Description 
(Ease Coipensation) 

1977 Dollars 

■ 

Rocky 

Mountain 

II 

North 

Central 

III 

Great 

Lakes 

IV 

North 

Eastern 

V 

South 

Eastern 

VI 

South 

Central 

VII 

Salesman, Household 
Products ($18,060) 

$3,915,472 

$4,634,686 

$719,922 

$824,290 

$1,417 ,€88 

$609,165 

$2,660,947 

Salesman, Inter- 
mediate Commercial 
($24,000) 

1,358,184 

1,607,646 

249,710 

285,910 

491,537 

211,293 

923,032 

Salesman, Central 

Power Stations 
($31,920) 

73,308 

72,312 

0 

0 

66,329 

0 

62,275 

■ 

■Total Salesman Cost 

$5,346,964 

$6,314,644 

$969,632 

$1,110,200 

$1,974,954 

$820,458 

$3,646,254 | 


*Expressed in 1986 (manufacturing year) dollars/year and adjusted by the regicnal labor cost indices base 
ccmpensation includes both salary and benefits. 










DIRECT SALES SUPPORT PERSONNEL COSTS* 


Market 

Regicxi 

7 - 




PersonneS^^'^'^'s...,^^ 
Description 
(Base Condensation) 
1977 Dollars 

West 

Coast 

I 

Rocky 

Mountain 

II 

North 

Central 

III 

Great 

lakes 

IV 

Field Engineer 
($26,400) 

$1,923,414 

$2,210,239 

$291,751 

$324,046 

Commercial Artist 
($12,320) 

44,876 

51,580 

■ 

6,81? 

7,806 

Market Research Analyst 
($25,200) 

367,163 

421,966 

55,676 . 

63,748 

Technical Illustrator 
($18,900) 

137,685 

158,257 

20,880 

; 

23,906 

Technical Writer 
($18,900) 

137,685 

158,257 

20,880 : 

23,906 ■ 

Advertising Salesman 
($17,500) 

63,744 

73,268 

9,683 ; 

11,088 


North 

Eastern 

V 


Total Direct Sales 

Support Personnel Cost $2,674,567 $3,073,567 


South South 
Eastern Ctentral 
. VI VIX 


$246,865 I $1,364,347 
31,844 
260,456 
> 97,707 

97.>7>')7 
45'',233 


$405,687 $464,500 ’$1,222,062; .$343^274 ; $l„397r,294 



''Expressed in 19 8 6 {manufacturing year)dollars/year and adjusted, by the icegional labor cost indices base 
condensation includes both salary and benefits* 
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INDIRECT SALES SUPPORT PERSONNEL COSTS* 




SALES AND MARKETING 
(By Personnel Cate 


. ■ r 

i 

f" 


1 Market Region 

Salesman 

Direct Sa 
Support Si 

I West Coast 

125.036 

49.563 

II Rocky Mountain 

149.834 

57.744 

III North Central 

24.799 

8.178 

IV Great Lakes 

24.799 

8.178 

V North Eastern 

50.638 

25.029 

j VI South Eastern 

24.799 

8.178 

VII South Central 

1 

100.237 

41.389 

All Regions 

500.142 

198.259 


(53%) 

(21%) 


I 

i 

j 


r 

i 
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Tbtal Sales 
Personnel 


les 

baff 


Indirect Sales 
Support Staff 

60.375 

71.818 

11.346 

11.346 

26.088 

11.346 

48.956 


234.974 

279.396 

44.413 

44.413 
101.755 

44.413 
190.582 


241.545 

(26%) 


939.946 

( 100 %) 











Custaner Total Number Of Salesmen Esquired 

lype In Region j For Custaner Type i (Sl^i ) 


Market 

Region ^ 

Residential 

Household 

1 

Cctnmercial 

Intermediate 

2 

Public Utility 
Central Station 

3 

All 

Customers 

I West Coast 

98.328 

25.666 

1.0415 

125.036 

II Rocky Mountain 

117.994 

30.799 

1.0415 

149.834 

III North Central 

19.666 

5.133 

0.0000 

24.799 

IV Great Lakes 

19.666 

5.133 

0.0000 

24.799 

V North Eastern 

39.331 

10.266 

1.0415 

50.638 

VI South Eastern 

19.666 

5.133 

0.0000 

24.799 

VII South Central 

78.662 

20.533 

1.0415 

100.237 


All Regions 


393.313 


102.663 


4.1664 


500.142 
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SALESMAN PRODUCTIVITY AND SUPPORT INDICES 


Custoner 

i 

Number Of 
Customers 
All Regions 
Per Year 

Average Order 
Quantity 
aOQi 
(MW) 

Megawatt Sales 
Per Salesman 
MWSi 
(MW/YR) 

Salesman 

Support 

Index 

SSL 

Total 

Salesmen 

For Customer 
i In All Reqicxis 

1 Residential 

Household 

20,000 

.01 

50.850 

.1008 

393.313 

2 Oornmercial 

Intermediate 

200 

.50 

1.948 

.1449 

102.663 

3 Public Utility 
Central Station 

4 

50.00 

.960 

48.0040 

4.166 

All Regions 

20,204 

.025 

40.408 

,997 

500.142 



Personnel 

Type 

Market k 

Region 

Field 

Engineer 

1 

Canrresrcial 

Artist 

2 

I 

Vfest Coast 

33.043 

1.652 

II 

Rocky Mountain 

38.495 

1.925 

III 

North Central 

5.452 

.273 

IV 

Great Lakes 

5.452 

.273 

V 

North Eastern 

16.686 

.834 

VI 

South Eastern 

5.452 

.273 

VII 

South Central 

27.591 

1.380 


All Regions 


132.171 


6.610 


PORT PERSONNEL REQUIREMENTS 
lel Type and Region) 


Market 

Research 

Analyst 

3 


6.608 

7.699 

1.090 

1.090 

3.337 

1.090 

5.518 


26 .432 


Technical 

Illustrator 

4 

Technical 

Vfciter 

5 

Advertising 

Salesman 

6 

3.304 

3.304 

1.652 

3.850 

3.850 

1.925 

.545 

.545 

.273 

.545 

.545 

.273 

1. 669 

1.669 

.834 

.545 

.545 

.273 

2.760 

2.760 

1.380 

13.218 

13.218 

6.610 


Ttotal Direct 
Sales Support 
Personnel 
In Region 1 


49.563 

57.744 


25.029 


41.389 


198.259 


























■ Market 
^ Region 

Personnel^'''''''~'-„_i 
Description 

West 

Coast 

I 

Rocl<;y 

Mountain 

II 

North 

Central 

III 

Great 

Lakes 

IV 

North 

Eastern 

V 

South 

Eastern 

VI 

South 

Central 

VII 

Regional Vice President 

5.356 

6.364 

1.007 

1.007 

2.338 

1.007 

4.351 

Manager, Advertising 

.454 

.535 

.076 

.076 

.232 

.076 

.383 

Manager, Market Research 

1.101 

1.283 

.182 

.182 

.556 

.182 

.920 

Manager, Sales 

15.463 

18.503 

3.041 

3.041 

6.341 

3.041 

12.422 

Manager, Sales Engineering 

4.405 

5.133 

.728 

.728 

2.224 

.728 

3.680 

Scretary I (Lcwer Hgmt.) 

17.528 

20.900 

3.381 

3.381 

7.383 

3.381 

14.147 

Secretary II (Middle Mgmt.) 

10.712 

12.727 

2.014 

2.014 

4.676 

2.014 

8.702 

Secretary III (Upper Mgmt.) 

5.356 

6.364 

1.007 

1.007 

2.338 

1.007 

4.351 

Total Indirect Sales 

Support Personnel 

60.375 

71.818 

11.436 

11.436 

26.088 

11.436 

48.956 


21.430 


61.852 

17.626 

70.110 

42.859 


2] 























SALES AHD HABKEffING OFFICE FACILITIES EXPENSES 


Sales ~ 

Office Facilities Office 


I 

West Coast 

II 

Becky ttxintain 

III Horth Central 

IV 

Great Lakes 

V 

IJorth Eastern 

VI 

South Eastern 

VII South Central 


Facilities 

Cost 

Itvlex 


1.062 

0.969 

1.052 

1.000 

1.114 

0.930 

.927 


All Regions 


utilities Total 

Cost Sales 

Index Personnel Meters) (1986 $) 
j^^32o oit; 5. 99.fi SI. 050.836 

0.820 
0.900 
0.900 
1.300 

0.950 44 

1.200 191 

1.000 939 U,693 $7,081,333 1 $092,162 


Office 
Utilities 
Expense 
(1986 $) 


Office 

Expenses 




Expenses 
(1986 $) 


$357,015 

300,565 

69,525 

66,169 

168,483 

62,261 

255,357 


$354,067 $1,359,375 



















DISTRIBUTION MODEL CALGULftTIONS 
INDEX 


Total Annual Distribution Cost Calculations for the Vfest Coast Regiai 
Direct - Factory West Coast Custcmer Shipments Cost Calculations 
Warehouse Cost Calculation For Region I West Coast 
Annual Distribution Cost For West coast Warehouse Transshipments 
Direct - Factory Rocky Mountain Custcmer Shipments Cost Calculations 
Total Annual Distribution Cost Calculations for the Worth Central Region 
Direct - Factory North Central Customer Shipments Cost Calculations 
Warehousing Cost Calculation For Region III North Central 
Annual Distributim Cost For North Central Warehouse Transshipments 
Total Annual Distribution ODSt Calculations for the Great Lakes Region 
Direct - Factory Great Lakes Customer Shipments Cost Calculations 
Warehousing Cost Calculation For Region IV Great Lakes 
Annual Distributicxi Cost For Great Lakes Warehouse Transshipments 
Total Annual Distribution Cost Calculations for the North Eastern Region 
Direct - Factory North Eastern - Customer Shipnents Cost Clalculations 
Warehousing Cost Calculation For Region V North Eastern 
Annual Distribution Cost For North Eastern Warehouse Transshipments 
Total Annual Distribution Cost Calculations for the South Eastern Region 
Direct - Factory Soutli Eastern Customer Shipments Cost Calculations 
Warehousing COst Calculation For Region VI South Eastern 
Annual Distribution Cost EOr South Eastern Warehouse Transshipments 
Total Annual Distribution Cost Calculations for the South Central Region 
Direct - Factory South Central Customer Shipments Cost Calculations 
Warehousing Cost Calculation For Region VII South Central 
Annual Distribution Cost For South Central Warehouse Transshipments 


D-23 

D-24 

D“25 

D-26 

D-27 

D-28 

D-29 

D-30 

D-31 

Eh32 

EH33 

D-34 

D-35 

D-36 

D-37 

D-38 

D-39 

I>40 

D-41 

D-42 

Eh43 

D-44 

D-45 

D-46 

D-47 


D-22 


TOTAL ANNUAL DISTRIBUTION COST CALCDIATIONS 
FRai THE FACTORY IN REX3ICN k = II ROCKY MOUNTAIN 
TO CUSTOMERS IN REGION j = I WEST COAST 


Shipping 
Indies toi: 
Xii 


tonual Direct Annual Distribution Tbtal Annual 

ShiKsing Cost Casts For Distribution Cost 

(1986 S) Transshipments (1986 ?) Regiai j (1986 $) 

DCki ICki ICki 


3,272,805.70 

0.00 

0.00 


3,272,805.70 


.00 

432,523.67 

.00 


432,523.67 


0.00 

0.00 

865,049.73 


865,049.73 


3,272,805.70 

432,523.67 

0.00 


3,272,805.70 

0.00 

865,049.73 


0.00 

432,523.67 

865,049.73 


1,297,573.40 


3,272,805.70 

432,523.67 

865,049.73 


4,570,379.10 


2,856,572.00 


0.00 


1,627,026.00 


0.00 


2.333,564.00 


0.00 


1,817,623.00 


0.00 

0.00 

1,105,809.00 


3,705,329.30 

i 



1,105,809.00 


0.00 

587,513.00 

0.00 


1,296,406.00 

0.00 

0.00 


1,296,406.00 


2,856,572.00 


3,272,805.70 


4,899,831.70 


432,523.67 


2,766,087.67 


865,049.73 


2,682,672.73 


3,272,805.70 

432,523.67 

1,105,809.00 


4,811,138.30 


4,137,855.4 

" 

1 587,513.00 1 



4,725,368.40 


1,296,406.00 

432,523.67 

865,049.73 


2,593, 979. 40=c 


3,272 

432 

865 


4,570,379.10 


+ ICj^j = Ttotal Distribution Cost in Region 3 (1986 $) 
if customers of type i in Ifegion j are supplied directly fran the factory 


if customers of type i in Region j are supplied from a warehouse in 
Region j 






























































DIRECr - FACroRy-OJSTOMER SHUWENTS CX3ST CfiKUlATICNS 

Factory Region k = II Rod^ Mountain 
Market Region 3=1 Vfest Coast 


Cus toner 

Type 

i 

Annual 

Demand 

In Region j 
{HWAR) 
d^j 

Average 

Delivery 

Quantity 

(HW/Ship) 

qj 

Number 
aiipments 
Per year 
dij /qi 

Shipment 

Weight 

(kg) 

Z; = qi *w 

Slipping 

Distance 

(km) 

ski 

Shipment 

Cost 

($) 

C{Zi ,Ski ) 

Annual Cbst 
(1986 $/HR) 
DCkJ 

1 

Residential 

Household 

50.0 

.01 

5000 

1559.25 

640 

$356.03 

(Ttudi) 

3,272,805.70 

2 

Intermediate 

Ccmmeroial 

25.0 

.50 

50 

77,962.50 

640 

$4,705.19 

(Rail) 

432,523.67 

3 

central station 
Utility 

50.0 

5.00 

10 

779,625.00 

640 

$47,051.93 

(Rail) 

865,049.73 


w 

ECkj 


Solar Array Unit Weight (kgAlW) 
155,925 kg/MW 


Annual distribution cost in Region j 
(in manufacturing year dollars) 


(1— X ij )*C(Zj , s kj 


for custoners supplied directly from the factoqr in Region k 
1986-1977 

)(l+gT) 


qi 


where 



if custaiers of type in Region j are supplied directly from the factory 
if oustcnvers of type i in Region j are supplied from a v?arehouse in Region j 


Transportation 
Inflation Rate 


= 7%/year 


D-E4 




1 


V3RREH0USING CX)ST CAIjCULAlEEON BOR REGION 3 


WEST COAST 


Shipment OTST Q 


ifmn 


Warehouse size P = 353.95 Qj 


Equipment Cost 
E = (1.07)9 *Ke (Fj )*ej 

Facilities Cost 

B = (1.09)9 *Kb (Fi )*bj 


Warehouse Lease Cost (1986 $/YR) 

LCi (Q i ) = .25E + .126B 


Personnel Cost 
(1,08)9 *P(Fj )*lj 
Utilities Cost 
(1.12)9 *1.20*uj*Fj 

Prc^rty Tax, Maintenance and Insurance 

.06*{E -t- B) 

Warehouse Operating Cost (1986 $/YR) 

OC (Q ) 


Inventory Carrying Cost (1986 $/3fR) 

CC(Q i ) ^ 94375*01 


Warehousing Cost (1986 $/2R) 

W i (Q i ) = CC(Q n + OC 1 (Q i ) -MX i (Q 


ional Cost Indices 


Equipment 

Facilities 


.25 

.50 

88.4875 

: 176.975 

4,492 

8,984 

50,201 

100,401 

7,448 

14,897 

60,445 

60,445 

389 

3,282 


64,116 

67,785 

23,594 

47,188 

95,158 

129,870 


1.00 


353.95 


196,845 


29,294 


60,445 

1,555 

12,889 


74,889 


94,375 


198,558 


1.50 

2.00 

2.50 

530.925 

707.90 

884.875 

26,952 

35,936 

47,919 

290,508 

384,171 

477,835 

43,342 

57,389 

71,437 

60,445 

60,445 

60,445 

2,332 

19,048 

1,310 

25,206 

3,887 

31,365 

81,825 

86,961 

95,697 

141,562 

188,750 

235,938 

266,729 

333,100 

403,072 


Inflation Rates 


Equipment 

Facilities 


Utilities 


Utilities 

Transportation 























































flNNOM. DlSTRlBOOira} COST FOR IfflREHOUSE TRflNSSHIEMENIS 
IN REXalON j = I WEST COAST 
FACTOOT lOCAmON RB3ICN k * II KCKT MOONTAIN 


Custaner Hype i 


1 Household 

2 Intermediate 

3 Central Station 


Warehouse - customer distance = v.. 


E&ctory-warehouse distance 
Solar Array Unit Weight 


= w 


Warehouse Order Quantity Qj (mw) 


Weight = qj *w ■ — 

Deliveries/rear dii xi? 

°j 

Order processing cost @S50/delivery 

Cost/delivery C(Q. *W,S,. ) 

J Kj 

Inf lation Factor = (1 + .07) 

Annual Transportation Cost Tt • (o • ) 
(1986 Doll ars) J 

Inventory Carrying Cost CC(qJ1 

Warehouse Curating Cost OC. (Q. ) 

^ J 

Whrehousa Leasing Cost LC- f n • ) 
J J 

Annual Warehousing Cost W ■ (O - ) 

(1986 Dollars) •» J 

Fixed Delivery Cost FC 
MC 

Variable Delivery Cost VC*km 


Annual Local Delivery Ccsts L 
(1986 Dollars) J 


Total Annual Distribution Cost “ 

for Region j Transshipnents (1986 S) 

ICy.- (Q ^ ) 


= ^kj (Qj)+Wj(Qj) + 1 ; 


640 km 

155,925 JtgAlw 


/q)* l-tqj *w 


298,726.56 


KM = 298,726.56 


rc - $24,039/year 
W = $. 095/km 
HC ~ 75,000 kin/vehicle 
8,000 kc/dellve 


779,625 

10 


I 


1,232,295 1,296,406 1,363,026 


47,052 


865, 969 


1,815,940 
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DIRECT - FACTOBY-CUSTCHER SHIPHENIS OCHT CALCUIAnCNS 


Factory Region k = II Kocly li^untain 
Market Region j = II Rxky Misuntain 


d 


Cus toner 

Type 

i 

Annual 

Danaind 

In Region j 
(HH/XR) 
dii 

Average 

Delivery 

Quantity 

(MH/Ship) 

qi 

Number 
Ehipnents 
Per Year 

d j _/qi 

Shipment 

ffeight 

(Itg) 

Zi = q,- *w 

Average 

Shipping 

Distance 

(km) 

Xii __ 

Average 

Ehipnant 

Cost 
(1986 $) 

Tbtal 

Annual Cost 
(1986 S/YH) 
DCvj 

1 Residenticil 
Household 

60.0 

.01 

600 

1559.25 

50.0 

213.245 

127,947 

2 Intermediate 
Commercial 

30.0 

.50 

60 

77,962.50 

50.0 

1,066.233 

63,974 

3 Central Station 
Dtility 

50.0 

5.00 

10 

779,625.00 

50.0 

10,632.330 

106,623 

Totals 

140.0 

.21 

670 

32,581.3^ 

50.0 

445.588 

290,544 


^kk “ Annual distribution cost in Itegion k for custraers supplied directly froni the factory in Region Ic 
(in Manufacturing Year Dollars) 

^ dif * 1 + q< *w * Yh * _FC + VC * (1 4- g } “ 

= X qT wo MC ^ 

i=l 


w = 155,925 kg/MW 

PC = $24 ,039/year 

VC = $. 095/km 

MC = 75,000 km/vehicle 

WC = 8,000 kg/delivery 

g^ = Transportation inflation rate = 7% 

n = 1986-1977 = 9 


Fleet size = 
Distance » 
Fixed Cost = 
Variable cost = 
Total cost = 


6 TaidkB 

390,806,266 kn/yr 
$230,288 
$68,256 
$298,544 



TOTAL ANNUAL DISTRIBUTION COST CALCULATIONS 
EBCH THE FACTOR IN REGION k = II HXKy MOUNTAIN 

TO CUSTCKERS IN REXSION j = III NORTH CENTRAL 


Custaner 

Type 

i 

Shipping 
Indicator 
^ij 

Annual Direct 

Shipping Cost 
(1986 ?) 

ECuj 

Annual Distribution 
Costs Etor 

Ttansshipnents (1S86 $) 
ICtj 


1 

1 

0.00 


■■ J 

2 

1 

0.00 



3 

0 

0.00 

0.00 

0.00 

Ttotal 


0.00 

955,283.00 

955,283.00 

1 

0 

1,397,039.30 

0.00 

1,397,039.30 

2 

1 

0.00 

376,536.00 

376,536.00 

3 

0 

0.00 

0^00 

0.00 

Ttotal 


1,397,039.30 

376,536.00 

1,773,575.30 

1 

1 

0.00 

665,811.00 

665,811.00 

2 

0 

283,216.62 

0.00 

283,216.62 

3 

0 

0.00 

0.00 

0.00 

Ttotal 


283,216.62 

665,811.00 

949,027.62 

1 

0 

1,397,039.30 

0.00 

1,397,039.30 

2 

0 

283,216.62 

0.00 

283,216.62 

3 

0 

0.00 

0.00 

0.00 

Ttotal 


1,680,225.90 

0.00 

1,680,225.90 


= DO + ICj^j = Ttotal Distribution Cost in Regicsi j (1986 $) 

^ ^0 if custorers of typs i in Region j are supplied directly ftan the factory 

(^1 if customers of type i in Region j are supplied frm a warehouse in 
Region j 
































DIRECT - FACrORSr-ajSTOMBR SHIPbffiNTS OC6T CftLCOLATICNS 

Factory Region k = II Rocky Kountain 
Market Region j = m North Central 


Custxmer 

Type 

i 

Annual 

Demand 

In Region j 

m/m) 



Average 

Delivery 

Quantity 

{HW/Ship) 



Nunber 
Shiproants 
Per Year 
gjj /qt 

Shipnent 

Weight 

(kg) 

Z- = q. *„ 

Average 

Shipping 

Distance 

(km) 

Average 

Shipment 

Cost 

Total 

Annual Cost 
(1986 $/YR) 
nr. • 

1 Residential 
Household 

10 

.01 

1000 

1,559.25 

— 

2100 

759.88 

1,397,039.30 

2 Intermediate 
CoTtnercial 

5 

.50 

10 

77,962.50 

2100 

(Truck) 

15,404.76 

283,216.62 

3 Central Station 
Utility 

0.0 

.00 

0 

0.00 

2100 

(Rail) 

0.00 

0.00 


w - Solar Array Unit Weight ( kg/MW i 
= 155,925 kg/MW 


“""j ■ ^ 

^ ^ * {l-Xjj )*C(Zi , Skj )(l+gx) 


± ^ 
i=l qi 


there 

\ 0 i 

'{i i 


if custoners of type in Region j ate supplied directly frcm the factory 
if custoners of type i in Region j are supplied fron a warehouse in Region j 


Transportaticxi 
Inflation Rate 






WAREHOUSING COST CALCULATICS) FOR RBGICW j 


III NORTH CENTRAL 


Shipment QTY Qj (MW) 


.10 




.30 


Warehouse size P = 353.95 Oj (m^ 


35,395 


70,790 


106,185 


Equipnent Cost 

E = (1.07)’ *Ke (Fj )*ej 

Facilities Cost 

B = (1.09)9 *Kh (Fi )*bi 


1,780 

19,891 


3,560 

39,782 


5,340 

59,674 


Warehouse Lease Cost (198G $/YR) 

LCj(Qj) = .25E + .126B 


2,951 


5,902 


8,854 


Personnel Cost 
(1.08)9 *p(Fj }*lj 

Utilities Cost 
(1.12)9 *1.20*uj*Fj 

Property Tax, Maintenance and Insurance 
.06*(E + B) 


55,568 

106 

1,300 


55,568 

212 

2,600 


55,568 

318 

3,900 


Warehouse Operating Cost (1986 $/yR) 

OC i (Q i ) 


56,974 


58,380 


59,786 


Inventory Carrying Cost (1986 $/YR) 

CC(Q p = 94375*Qi 


9,438 


18,875 


28,312 


Warehousing Cost (1936 ?AR) 

W? (Qi ) = CC(Q^ ) + OC j (Qj ) + LCj (Qj ) 


69,363 


83,157 


96,952 

f 


Regional Cost Indices Inflation Rates 


®i 

= Equipnent = 1.052 

It 

Equipnent = 

7% 

b . 

J 

= Facilities = 1.052 

® H ' 

Facilities = 

9% 

1 

j 

= labor = 1.014 


Labor = 

8% 

u 

= Utilities = .900 

3 = 

Utilities = 

12% 

j 


E 





9 

Transportation = 

7% 
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MNOflL DISTRIBtfTICN CCST FOR WaREHCOSE TRANSSHUHENTS 
IN RB3ION j = III NORTH CENTRAL 
FACTORV LOCATION REGION k = II ROCKY HOCJOTAIN 


Custoner i 

X 

d 

ij 

1] ij 

q. 

1 

IBTHliriil 

IB 

1 Household 

1 


10.0 


59,745.31 

50.0 

2 Intermediate 



0.0 

.50 

0.00 

50.0 

3 Central Station 




5.00 

0.00 

50.0 



125.0 

10.0 


KM = 59,745.31 



Warehouse - custoner distance = 


Factory-warehouse distance = Sj^j 

Solar Arrey Unit Weight = v; 


Warehouse Order Quantity Q (MW) 


Weight = q. *w 

DeliveriesAear =^«%j k^j /Qj 

Order processing cost @$50/delivery 

Cost/delivery C{Q- ) 

Inflation Factor ‘^= (1 .07) 

Annual Transportation Cost (Qj ) 

(1986 Dollars) ■* 

Inventory Carrying Cost CC{Qj ) 

War^ouse (grating Cost OC (Q^ ) 

Warehouse Leasing Cost lO (Qj ) 


Annual Vfarehousing Cost Wj (Q, ) 

(1986 Dollars) ^ ^ 

Fixed Delivery Cost PC *' KM 
HC 

Variable Deliveiy Cost VC*KH 
Inflation Factor = (1 -K}tP = 1.83846 
Annual Local Delivery Costs Lj 

(1986 Dollars) 

Botal Annual Distribation Cost 
for Region j Transshipnents (1986 $) 

ICkj (Q j ) :, Tkj '\q j ) + Wj (Q j") + I-j 


PC = $24,039/year 


2, lOOl^m 

155,925 !tg/iraj 


.10 

15,592.5 

100 

5,000 


.20 

31,185.0 

50 

2,500 


VC = $.095Am 
KC = 75,000 tan/vehicle 
WC = 8,000 kq/delivet^ 


.30 


46,777.5 

33.33 

1,667 


4,563 

843,165 

9,438 

56,974 

2,951 

69,363 

35,206 

10,435 

' 45,641 


6,244 

578,550 

18,875 

58,380 

5,902 

83,157 

'35 ,'206' 

10,435 

' 45,641 


9,243 

569,485 

28,312 

59,786 

8,854 

~9^B5Z 

' '35,206 

10,435 

45,641 


921,632 


665,811 


670,541 















TOEAL ANNUAL DISTRIEO'nON QDST CALCULATIONS 
FROM raE PACTORir IN REGION k = II ROOcy HCXINTAIN 
TO CUSTOMERS IN REGION j = IV GREAT lAKES 


Customer 

Shipping 


Annual Distribution 


Shipping Cost 

Oasts Por 

Distribution Cost 

Type 

i 

Indicator 

(1986 $) 

Transshipnents (1986 $) 

Region j (1986 $) 

Sj 

UiJif j 

ICki 

Tow 

1 

1 

0.00 


— 

2 

1 

0.00 

• 


3 

Total 

0 

0.00 

0.00 

0.00 


0.00 

1,238,369.00 

1,238,369.00 

1 

0 

1,743,872.40 

0.00 

1,743,872.40 


1 

0.00 

473,909.00 

473,909.00 

3 

Itotal 

0 

0.00 

0.00 

0.00 


1,743,872.40 

473,909.00 

2,217,781.40 

1 

1 

0.00 

852,920.00 

852,920.00 

2 

0 

375,103.63 

0.00 

375,103.63 

3 

Total 

0 

0.00 

0.00 

0.00 


375,103.63 

852,920.00 

1,228,023.63 

1 

0 

1,743,872.40 

0.00 

1,743,872.40 

2 

0 

375,103.63 

0.00 

375,103.63 

3 

Ttital 

0 

0.00 

0.00 

0.00 


2,118,976.00 

0.00 

2,118,976.00 




TC 


kj 


- “kj ♦ 


^jj =[^ 


Itotal Distribution Cost in Region j (1986 $) 

0 if custonars of type i in Region j are supplied directly from the factory 

1 


if ^str^rs of type i in Region j are sullied from a warehouse in 
Region 3 
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DIRECT - FACTORSr-COSTOHER SHHMENTS COST CftICULM?ICWS 

Factory Region k = II Rocky Mountain 

Market Region J = IV Great Lakes 


Customer 

Type 

i 

Annual 

Demand 

In Region j 
(HW/XR) 
dj; 

Average 

Delivery 

Quantity 

(HW/Ship) 

qi 

Nianber 
Shipments 
Per Year 
dt.i /q; 

Shipment 

Weight 

(kg) 

z; = q; *w 

Average 

Shipping 

Distance 

(km) 

SkA 

Average 

Shiptant 

Cost 

($) 

CfZ;,. Ski) 

Total 

Annual Cost 
(1986 $/2R) 



1 Residential 
Hous^old 

10.0 

.01 

1000 

1,559.25 

2782 

548.53 

(Truck) 

1,743,872.40 

2 Intermediate 
Commercial 

5.0 

.50 

10 

77,962.50 

2782 

20,402.79 

(Rail) 

375,103.63 

3 Central Station 
Utility 

0.0 

.00 

0 

0.00 

2782 

0.00 

0.00 


b 


w = Solar Array Unit Vfeight (kg/M.W) 

= 155,925 kg/MW 

DCi^ = Annual distributicxi cost in Region j for custonsrs supplied directly from tke factory in Region k 
(in manufacturing year dollars) 

dii * (i-Xii )*C(zt , )(l+gx^ 

qi 

if custoTErs of typai in Region j are atipplied. directly from the factory 
if customers of type i in Region j are supplied from a wardicuse in Region j 

Transportation 
InflatiOTi Rate 

g^ = 7%/year 


where 

Hii 


± 

i=l 

0 

1 


I J niioraMiTiM 







IV GREAT I*KES 


MrrEHXJSING cost CAIiCULATICN FOR REGICN j = 
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MNUAI. DISTRIBUTION COST EOR WaREHOUSE TRANSSHIEMENIS 
IN REGION j = IV GREAT LAKES 
FACDORy LOCATION HEGI(»{ k = II ROCKy MCONTAIN 


Custaner T^pe i 


1 Household 

2 Intermediate 

3 Central Station 


Viarehouse - custoiier distance = y-|^ 
Factory-warehouse distance = 
Solar Arr^ Unit Ifeight = w 


= 2, 782km 
= 155,925 Jcg/MW 


Warehouse Order Quantity Qj (MW) 


Weight = g-, ’'w 

Deliveries/Vear =£di^ Xj^ /Q 

Order processing cost @$50/deiivery 

COst/delivety C(Qj *W,Sj;: ) 
Inflation Factor = (1 + .07)** 


Annual Transportation Cost (Q ; ) 

(1986 Dollars) ^ 


Inventory Carrying Cost CC(Qj ) 
Warehouse Operating Cost OCj(Q j ) 
Warehouse Leasing Cost LCj(Q^ ) 


Annual Warehousing Cost W ; (Q ; ) 
(1986 Dollars) 


Fixed Delivery Cost FC - KH 
HC 

Variable Deliveiy Cost VC^m 
Inflation Factor = fl4qTr = 1,83846 


Annual Local Delivery Costs L\ 
(1986 Dollars) 


Total Annual Distribution Cost 
for Region j Transshipnents (1986 ?) 
I 




IC^j(Q:) = Tki (Q;) + W, (Q;) + L 


KM = 59,745.31 


524,039/ysar 
$.095/!cn 
75,000 Im/vahici 
0,000 fio/deliv 


1 15,592.5 

31,185.0 

46,777.5 

100 

50 

33.33 

5,000 

2,500 

1,667 

5,770 

8,196 

12,242 


1,070,062 


9,438 

64,966 

2,805 


35,206 

10,435 


45,641 


758,022 


5 


90,794 


35,206 

10,435 


45,641 


753,258 


104,378 


35,206 

10,435 


45,641 


1,151,375 852,920 861,740 

























TOTAL ANNUAL DISTOIBUTICH COST CALOUIATIONS 
FROM TOE FACTORY IN REGION k = II ROCKY MOUNTAIN 
TO mSTOMEBS IN RECION j = V NORTH EASTERN 


Cus toner 

Type 

i 

Shipping 

Indicator 

Xii 

Annual Direct 

Shipping Cost 
(1986 8) 

DC«.\ . 

Annual Distribution 
costs EOr 

Transshipments (1986 $) 
ICk.! 

Total Annual 
Distribution Cost 
Region j (1986 

TCk,\ 

1 

1 

O.OG 



2 

1 

0.00 



3 

0 

0.00 



Total 


0.00 

8,173,641.00 

:WM IhllllliHili— 

1 

0 

4,314,665.30 

O.Ou 

4,314,665.30 

2 

1 

0.00 



3 

0 

0.00 



Total 




■ Ml IIHIIII^M 

1 

1 

0.00 



2 

0 

974,241.37 

0.00 

974,241.37 

3 

0 

0.00 



Total 


974,241.37 

7,168,512.00 

8,142.753.37 

1 

0 

0.00 



2 

0 

0.00 



3 


4,871,207.70 

0.00 

4,871,207.70 

Total 


4,871,207.70 

3,151,074.00 

8,022,281.70 

1 

0 

4,314,665.30 

0.00 

4,314,665.30 

2 

0 

974,241.37 

0.00 

974,241.37 

3 

1 

0.00 

5,083,379.00 

5,083,379.00 

Total 


5,288,906.67 


ft 1 1 H jfBBBBI 

1 

0 

4,314,665.30 

O.QO 

4,314,665.30 

2 

1 

0.00 

1,063,053.00 

1,063,053.00 

3 

0 

4,871,207.70 

0.00 

4,871,207.70 

Total 


9,185,873.00 

1,063,053.00 

10,248,926.00 

1 

1 

0.00 

2,145,472.00 

2,145,472.00 

2 

0 

974,241.37 

0.00 

974,241.37 

3 

0 

4,871,207.70 

0.00 

4,871,207.70 

Total 


5,845,449.07 


7,990,921.07* 

1 

0 

4,314,665.30 

0.00 

4,314,665.30 

2 


974,241.37 


974,241.37 

3 


4,871,207.70 


4,871,207.70 

Total 


10,160,114.37 

0.00 1 

10,160,114.37 


Xjj 


" DCjtj + ICj^j = Total Distribution Cost in Regioj; j (1986 $/Year) 

^0 if cMstomars of type i in Rsgicxi j are supplied directly fran the factory 

^1 if custanars of type i in Itegion j are supplied from a warehouse in 

• Region j 



















































DKECT - FACTORy-OJSITOHER SHIEHEtTCS 03ST <aijCOLATiCNS 

Region k = n itocky Maintain 
Market Region k = v North Eastern 


CUStOTEr 

IVpe 

i 

Annual 

Demand 

In Region j 
(MW/2R) 

diA 

Average 

Delivery 

Quantity 

(MH/Ship) 



Nunber 
Shipnents 
Per Year 
diA /a 

Shipment 

Weight 

(kg) 

Average 

Shipping 

Distance 

(km) 

Average 
Shipment 
Cost 
a...- (3!) 

1 Residential 




SJ 3-L. " 

— °k:j 

C(2i. Srj) 

Household 

20.0 

.01 j 

2000 

1,559.25 1 

3595 

1,173.42 

2 Intermediate 






(Kuck) 

Commercial 

10.0 

.50 

20 

77,962.50 

3595 

26,495.55 

3 Central Station 






(Rail) 

Utilitv 

50.0 

5.00 

10 

779,625.00 

3595 

264,955.55 


^ (in manufactuSS^^S^doilaS)^^ ^ custaners si^plied directly fron the faobojy in Region k 

= ^ )*C(Zi , Suj )(l4g^) 

qi 


Total 

Annual Cost 
(1386 $/iR) 
ECki 


4,314,665.30 

974,241.37 

4.B71.207.7Q ; 


nere 

■ ■ c ; 


If customers of tyfe rn Region j ate auEpliea directly fron the factory 
if costrsers of type 1 1„ Region j ^ entplied fro. a warehcuse 1„ Region J 


•iransportation 

Inflation Rate 


WAREHOUSING COST 


CALOJIATICN FOR region j = V NORTH EASTERN 


Shipnent QIY o fwr 


tjar ehouse size P.; = n - 

Equipment Ccst 

E = {1.07) ■* *K (p; )*ej 
Facilities Ccst 
1 ^ *Kk(F; l*b-i 

ferel^se i«ase Cost (1986 $/yr) 

(Q.1 ) = .2SE •}• .126B 
Personnel Cost — ^ 

(1.08) ^{Fj )*ij 

Utilities Cost 
(1.12)1 *1.20*uj*Fj 

B^' ^ Insurance 

^«fi«^i'^EiHHg^rTl9a6l75R) 

(1886 ;/ai 

Warehcxising Cost (1966 S/SR) 

^ JO . \ ) = OC(Q.; ) + PC , f Q ; ) + ig j ,n p 

Regional Cost IndicPR 

5j = Bauipnant = 1.114 

= Facilities = I.II4 

tj = Labor = .998 

>j = Utilities = 1.300 


.20 

70,790 

.40* 

141.58 

.60 

212.37 

1.00 

353.95 

1.20 

424.74 

1.40 

495.53 

3,770 

7,539 

11,309 

18,848 

22,617 

26,387 

42,127 

84,254 

126,381 

3nfi -iiM 



6,250 

12,501 

18,751 

30,729 

36,623 

285,083 

42,517 

54,691 

54,691 

1 54,691 

54,691 

54,691 

' 54,691 

306 

2,754 

S7 .7^1 

612 

5,508 

861 

8,261 

1,531 

13,520 

1,837 

16,104 

2,144 

18,688 


oUfSll 

63,813 

69,742 

72,632 

75,523 

J»o,875 

37 ,750 

56,625 

94,375 

113,250 

132,125 ■ 

82,876 

111,062 

139,189 

194,846 

222,505 

250,165 


54,691 

2.445 

21,272 

78,408“ 


Inflation Rahfig 
9j ~ Bquipnent = 7% 

9 ^ “ Facilities = 9% 

9 B “ = BS 

§£ = Utilities = 12% 

g., = Transportation = 7% 


ANNUAL DISTRIBUTION COST EDR WAREHOUSE TRANSSHIPMENIS 
IN REGION j = V NORTH EASTE31N 
FACTOSSf LOCATION HBGICN k = II BOCKY MOONEAIN 


Custoiver Type i 


1 Household 

2 Intermediate 

3 Central Station 


Warehouse - customer distance = 

Factory-warehouse distance = sjjj = 3, 595 km 


Solar Array Unit Weight = w 


Warehouse Order Quantity Qj (MW) 


Weight = *w 

Deliveries/Year d^ x /Q^ 

Order processing cost §$50/deiivery 

Cost/delivery C(Qj ^W/Sf.: ) 

Inflation Factor = (1 + ,07)** 

Annual Transportation Cost T„; (Q : ) 
(1986 Dallars) 


liiventory Carrying Cost 0C(Qj ) 
Warehouse Curating Cost OCj(Qj ) 
Warehouse Leasing Cost LC j(Q j ) 


Annual Warehousing Cost W t (Q : ) 
(19B6 Dollars) ^ 


Annual Local Deliveiy Costs L 
(1986 DoUars) 


Total Annual Distribution Cost 
for Region j Transshipnents (1986 ?) 




•kj = (Qj) + Wj ((^.) + L 


155r925 fcg/MW 


15,592.51 23,388,75 

133.33 


ij/qj) * l- H?; *W *Yij Yjj 


119,490.63 

0.00 I 50.0 

0.00 50.0 


KM = 59,745.31 

$24, 039/year 
$.095/kra 

75,000 to/vehicie 


8,000 kq/deliverv 

TZo I 1,00 


38,981 


155,925 


13,180 


52t722 


2,669,160 11,947,000 


9,438 

56,221 


68,784 


70, 4U 
20,870 


91,281 


75,830 


91,281 


1,947,725 


5 


82,876 


1,945,887 I 1,943,129 11,940,371 


23,594 

58,516 


94,375 

69,742 

30,729 


89,923 1 lll,062n 194,846 


70,411 

20,870 


91,281 


70,411 1 70,4U 


70,411 


20,870 20,870 20,870 


91,281 


281 J 91,281 


2,829,225 2,114,111 2,121,082 2,127,091 2,145,472 2,226,498 














































TOTOL ANNUAL DISTRIBL^nCN COST CALCULATICNS 
EROH THE FACIDRJi' IN HBGICW k = II ROOCIT MOUNTAIN 
TO CUSTOMERS IN RBGICtO j = VI SOtTHI EASTERN 


Custcmer 

Type 

i 


1 

2 

3 

TtJtal 


1 

2 

3 

Total 


1 

2 

3 

Total 


1 

2 

3 

Total 


Slipping 
Indicator 
X ij . 


Annual Direct, 
Shipping Cost 
(1986 $) 
PgHi 


0.00 

0.00 

0.00 

0.00 


1,873,050.30 

0.00 

0.00 

1,873,050.30 


0.00 

409,327.64 

0.00 

409,327.64 


1,873,050.30 

409,327.64 

0.00 

2,282,377.94 


Annual Distribution 
Costs Etir 

Transshipoients (1986 ?) 


IC 


HA. 


0.00 


1,369,336.00 


0.00 

490,236.00 

0.00 

490,236.00 


944,205.00 

0.00 

0.00 

944,205.00 


O.OO 

0.00 

0.00 

0.00 


Total Annual 
Distribution Cost 
Region j (1986 $) 
g.ki 


0.00 


1,369,336.00 


1.873.050.30 
490,236.00 

0.00 

2.363.286.30 


944,205.00 

409,327.64 

0.00 

1,353,532.64* 


1,873,050.30 

409,327.64 

0.00 

2,282,377.94 




‘■J 


“ " ^tal Distribution Cost in Region j (1986 $) 

if custransrs of type i in RegitHi j are supplied directly fran the factory 

( 1 if easterners of type i in Regim j are supplied fron a warehouse in 
Region j 
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DIRECT " FACTOia-CUSKMER SHIEMEOTS OOST CflIXaJLfiTIONS 

Factory Region k = II tocl«y Mountain 
Market Region j = VI South Eastern 


Custcmer 

IVpe 

Annual 

Demand 

In Region j 
(HH/XR) 
di( 

Average 

Delivery 

Quantity 

(HW/Ship) 

q; 

Number 
Shipments 
Per Year 
dil /q\ 

Shiprent 

Weight 

(kg) 

z; = q; *w_ 


Average 

Shipment 

Cost 

($] 

C(Z; ■Sk.O 

Total 

Annual Cost 
(19B6 $/YB) 
ECkX 

Residential 

Household 

10.0 

.01 

1000 

1,559.25 

3036 

1,173.42 

(Truck) 

1,873,050.30 

Intermediate 

OOTmeroial 

5.0 

.50 

10 

77,962.50 

3036 

22,264.22 

(Rail) 

409,327.64 

1 

Central Station 
Utility 

0.0 

.00 

0 

0.00 

3036 

0.00 

0.00 


w 




Solar Array Unit Weight (kg/MW) 

155,925 kg/MW 

Annual distribution cost in Region j for customers supplied directly fron the factory in Region k 
(in manufacturing year dollars) 

^ ILL * , Sfcj )(14gT) 

i=l qj 


vrtiere 



if custoners of type in Region j are sullied directly frr?'i the factory 
if custoners of type i in Region j are suK>lied from a m,.?'- house in Region j 


Transportation 
Inflation Rate 


g^ = 7%/year 


i.*-* 

k.--- 

n 


D-4i 


WSREHOUSINS OCST CaLOILfiTICN EDR RBGIC3N j 


Vr SOUTH EASTERN 


1 


1 .10 

L 

^ESi 


.30 

1 140” 

Warehouse size Fi = 353.95 Qi 



mii 



106.185 


Equipnent Cost 

E « (1.07)'> *Kft (Fi )*ej 

Facilities Cost 

B = (1.09)' *K(. (FA )*bi 


ni 

m 


B 


B 

Warehouse Lease Cost (1986 5/YR) 

ICA (Q.i ) = .25E + .126B 


2,631 


5,263 


7,894 

10,509 

Personnel Cost 
(1.08)' *P{Fi )*lj 

Utilities Cost 
(1,12)'’ *l.20*uj*Fj 

Property Tax, Maintenance and Insurance 
.06*(E + B) 


47,019 

112 

1,159 


47,019 

224 

2,319 


47,019 

336 

3,478 

47,019 

447 

4,630 

V^rehouse Operating Cost (1986 5/VR) 

OCA (QA ) 


48,290 


49,562 


50,833 

52,096 

Inventory Carrying cost (1986 $AK) 

CC(QA ) = 94375*OA 

mil 



18,875 


28,312 

37,750 

Warehousing Cost (1986 9/1^) 

Wj (QA ) = CC(QA ) + OC j (QA ) + LC.i (QA ) 


60,359 


73,700 


87,039 

100,355 


Regional Cost Indices 
ej « Bguipnent = .938 

b^i = Facilities = .938 

Ij = Labor = .858 


*Cptinal Level 

Inflation Rates 

g, = 

Qguipnent = 7% 

g„ = 

Facilities = 9% 

9b = 

Labor = 8% 

9£ = 

Utilities = 12% 

9t = 

Transportation = 7% 


Utilities 


950 





















ANNUAL DISTRIBOnCN COST FOR KAREBCXISE TRANSSHIEHENIS 
301 REGI(»J j = VI South Eastern 
PACIORif LOCATION REGION k = H Rocky Mountain 


customer lype i 

’'U 

^ii 

-TjjTj]- 


*Xi i /q. )« lig; *w *Y,-| 
vjn ” 


1 Household 

2 Intermediate 

3 Central Station 

1 

0 

0 

10.0 

5.0 

0.0 

10.0 

0.0 

0.0 

.01 

.50 

0.00 

59,745.31 

0.00 

0.00 

50.0 
50.0 
50 0 



15.0 

10.0 

5.51 

KM= 59.74!5.:?T 



Warehouse - csastomsr distance = 

Factory-warehouse distance = = 3,036 km 

Stolar Array Unit Vfeight = w = 155,925 kg^nw 


Warehouse Order Quantity (MW) 

~Weight = qj *w 

DeliveriesAear =Xdi] xjj /Qj 

Order processing cost @$ 50/delivery 

ODSI/delivery C(Qj *W,S(;j ) 

Inflation Factor = fl + .07) 

Annual Transportation Cost To: fOTT” 
(1986 Do llarsi ^ 

Inventory Carrying Cost CC(Qj ) 

Warehouse Curating Cost OC j(Q j ) 

Warehouse Leasing Cost LCj(Q j ) 

Annual Warehousing Cost Wt CQ i ) 

(1986 Dollars) ^ ** 

Fixed Delivery Cost PC 
MC 

Variable Delivery Cost VC*KM 
Inflation Factor = d-tgr}^ = 1.83846 
Annual Local Delivery Costs L? 

(1986 Dollars) 

^tal Annual Distribution c£st 
for Region j Transshipments (1986 SJ 

-r- l*^kj ) 

^Ckj(Q) = Tj^j(Qi) + Wj (Qj) + L - 


FC = $24,039/yBar 
VC = $. 095/km 
MC = 75,000 kni/vehicle 
WC = 8,000 kq/deliverv 


.10 

.20 

.30 

15,592.5 

31,185.0 

46,777 

100 

50 

33 

5,000 

2,500 

1,667 

6,220 

8,923 

13,359 

1,152,703 

824,864 

821,619 

9,438 

18,875 

28,312 

48,290 

49,562 

50,833 

2,631 

5,263 

7,894 

60,359 

73,700 

87,039 

35,206 

35,206 

35,206 

10,435 

10,435 

10,435 

45,641 

45,641 

45,641 

1,258,703 

944,205 

954,299 




TOTAL ANNUAL DISTKIEOTION COST CALOJLAIIONS 
EBCH TOE FACTOFK IN REGICN k = II BDOOf HCUNIAIN 
TO OJSTCMEKS IN BBGICN j « VII SCUTO CENTRAL 


Customer 

Type 

i 

Shipping 

Indicator 

x;i 

Annual Direct 

Shipping dost 
(1986 $) 

DCk-, 


T3tal Annual 
Distribution Cost 
Region j (1986 $) 

TCkX 

1 

1 

0.00 



2 

1 




3 

0 




Total 


0.00 

5,448,280.00 


1 

0 

4,676,873.10 

0.00 

4,676,873.10 

2 

1 

0.00 



3 


0.00 



Total 


■OSZSEiEBliHi 

3,378,060.00 


1 

1 

0.00 



2 

0 

891,423.12 

0.00 

891,423.12 

3 





Total 




5,379,456.12 

1 

0 

0.00 



2 

0 




i 

0 

2,228,557.80 

0.00 

2,228,557.80 

Total 


2,228,557.80 

3,087,954.00 

5,316,511.80 

1 

0 

4,676,873.10 

0.00 

4,676,873.10 

2 

0 

891,423.12 

0.00 

891,423.12 

3 

1 

0.00 

2,417,814.00 

2,417,814.00 

Total 


5,288,906.67 


7,922,495.90 

1 

0 

4,676,873.10 

0.00 

4,676,873.10 

2 

1 

0.00 

1,017,065.00 

1,017,065.00 

3 

0 

2,228,557.80 

0.00 

2,228,557.80 

Total 


9,185,873.00 

1,063,053.00 

10,248,926.00 

1 

1 

0.00 

2,127,709.00 

2,127,709.00 

2 

0 

891,423.12 

0.00 

891,423.12 

3 

0 

2,228,557.80 

0.00 

2,228,557.80 

Total 


3,119,980.90 

2,127,709.00 

5,247,689.90* 

1 

Q 

4,676,873.10 

0.00 

4,676,873,10 

2 

0 

891,423.12 

0.00 

891,423.12 

3 

0 

2,228,557.80 

0.00 

2,228,557.80 

Total 


7,796,854.02 

0.00 

7,796,854.02 


“ TOtal Distribution Cost in Region j (1986 $) 



if custaners of type i in Region j are supplied directly from the factory 
if custoners of type i in Region j ace supplied fron a warehouse in 
Region j 
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DIRECT - FACTORY - OJSTOMER SHIEHESTS COST CAICTMTIOWS 


Factory Region k = II Rocky Mountain 
Market Region j = VII South Central 


Customer 

Type 

Annual 

Demand 

In Region J 
(Miy/yr) 

Average 

Delivery 

Quantity 

(MW/s%) 

qi 

Number 
Shipments 
Pet Year 
dij/qi 

Shipment 

Weight 

Zi = qi*w 

Shipping 

Distance 

®kj 

Shipping 

Cost 

C(Zi.Skj) 

Annual 

Cost 

1 Residential 

Household 

40.0 

.01 

4000 

1559.25 

1652 

635.96 

4,676,873.10 

11 Intermediate 
Ccmmercial 

20.0 

.50 

40 

77,962.50 

1652 

12121.61 

891,423.12 

111 Central 
Station 

Utility 

50.0 

5.00 

10 

779,625.00 

1652 

121216.10 

2,228,557.80 


w= Solar Array Unit Weight (kg/MW) 
s 155,525 kgAfW 


“kj 


Annual distribution cost in region j 
for custonsers supplied directly 
from the factory in Region k 
(in manufacturing yea*" Jllars) 


J. ^ *C(Zi.Skj)(l+gT)^^®^~^^‘^^ 

i=l qj 


Where X^j 



if customers of t^i in region j 
are supplied directly from the factory 


if customers of type t in region j 
are -supplied from a warehouse in region j 


TKSNiSWKlMIOtO ~ 
INFIATION RKTE 

gj, = 7%/year 
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WAREHOISING COST CALCULKDICN FOR REGION j » VII SCWH CQJERflL 


Shinnent OK Q ; (MH) 


353.95 Q.Um 


Warehouse size F 


E>9uipnent Cost 
E = (1.07)'J *Ke (FJ )*ej 
Facilities Cost 
B = (1.09 *Kb(PJ )*bi 


Warehouse Lease Cost (1906 5/^ 
EC\(Q;) = .25E + .126B 


I>ersonnel Cost 
(l.OB)** *P{Pa )*lj 
Utilities cost 
(1.12)1 *1.20*uj*Fj 

Property Tax, Maintenance and Insurance 
06*{E^+ B) 


Warehouse Operating Cost (1986 $/YH) 
oc; (Q.; ) 


Inventory Carrying Cost (1986 9/2R) 
CC(QA ) = 94375*Q;» 


Warehousing Cost (1986 $/yR) 

Wj (Qj ) = CC(Q.; ) -t OC.\ (QO + LC <o‘o 


ional Cost Indices 


141.58 


51,348 

565 

4,583 


56,496 


Equipment 
= Facilities 


283.16 I 353.95 I 424.74 1 495.53 I 637.11 


12,547 15,684 


28,231 


778.69 


139,120 171,822 204,525 237,228 302,633 1368,039 
20,666 25,571 30,475 35,380 ”45,189 54,909 


51,348 51,348 51,348 51,348 51,348 51,348 

1,131 1,413 1,696 1,979 2,544 3,109 

9,100 11,250 13,401 15,551 19,852 24,153 

61,579 64 ,011 66,445 68,878 73,744 78,610 


37,750 I 75,500 I 94,375 1 113,250 1 132,125 I 169,875 1207,625 


104,648 I 157,745 ! 183,957 1210,170 236,383 288,808 341,234 


"Optimal Level 
Inflation Rates 


Equipment 


Facilities 


Utilities 


Utilities 


Transportation * 7% 
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ANNUAL DISTRIEOKCN COST K)R WAREHOUSE TRANSSaiTHENrS 
IN REGION j = II KXKY MOUNTAIN 
FACIOEK LOCATION REGION k = VII SOOTH CENTHAL 


Custoner Type i 




‘3| 



1 Household 

1 

40.0 

40.0 

.01 

238,981.250 

50.0 

2 Intermediate 

0 

20.0 

0.0 

.50 

0.000 

50.0 

3 Central Station 

0 

50.0 

0.0 

0.00 

0.000 

50.0 



110.0 

40.0 

5.51 

KM = 238,981.250 



Warehtxise - cajstaner distance = 


EC = $24, 039/year 

Factory-warehouse distance - 

~ 1,652 km 

W: = $.095/kra 

Solar Array Unit Vfeight = 

V? = 155,925 kg/MW 

HC = 75,000 Isn/vehicle 



WC = 8,000 Is7/deliverv 


Warehouse Order Quantity Qj (MW) 


.40 

.80 

1.00 

mnn 


Weight = q j *w 


62,370 

124,740 

155,925 



DeliveriesAeaf = d /Qj 


100 

50 

40 



Order processing ccst @S50/delivery 


5,000 

2,500 

2,000 



CosVdelivery C(Qj *W,S kj ) „ 

Inflation Factor = (1 + .07)“ 


9,697 

19,395 

24,243 

llll 


Annual Transportation Cost Tj;j (Q j ) 

(1986 Dollars) 


1,791,999 

1,787,402 

1,786,404 



inventory Carrying Cost CC{Q j ) 


37,750 

75,500 

94,375 



Warehouse Operating Cost OCj{Q j ) 


56,496 

61,579 

64,011 



Warehouse Leasing Cost j ) 


10,402 

20,666 

25,571 



Annual Warehousing Cost W j (Q j ) 

(1986 Dollars) 


104,648 

157,745 

183,957 



Fixed Delivery Oost FC * KH 

MC 

Variable Delivery Cost VC*KM 

Inflation Factor = (l+qr)*' = 1.83846 


140,823 

41,739 

35,206 

41,739 

140,823 

41,739 



Annual Local Delivery Costs L; 

(1986 Dollars) 


182,562 

182,562 

182,562 



TOtcO. Annual Distribution Cost 
for Region j Transshipnents (1986 $) 
ICkilQi) 


2,079,209 

2,127,709 

2,153,003 



tw, {^) + L. 
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SALES REVENUES^ 
(By Product and Region) 


Cuitonisr 
TVDS 

Region 

_J 


West Coast 


Hssidentiai 

Household 


CoiiiiirHii | 
Intemediate ! 


Central 
St ation 


71 South Eastern 


$82,«7,7.!B j $38,366,310 i $70,161,132 


11 RocKy Mountain 96,751,794 45,067,400 
m North central 16,952,037 8,032,317 
IV Great Lakes 17.537,420 8,279,072 


69,035 a 979 


North Eastern 34,660,244 16,492,347 75.450,516 


16,987,530 8,078,540 


ai southcentral ^ 65,945,158 j 31,376,876 71,786,047 

?^57,295,6S2 j $286,492,674 
—J j ^(.20a35) I (37a OS) 


All 

Products 


$191,545,190 

211,906,173 

24,984,354 

25,817,292 

126,611,107 

25,066,070 

169,110,081 


$775,040,267 

( 100 . 0 %) 


*Expressed in 1986 Manufacturing Year $/Year 


CX)ST OF GOODS SOLD* 
(By Product and Region) 


f 

[ 


Market Region 

Residential 

Household 

Products 

Intermediate 

Commercial 

Products 

Central 

Utility 

Stations 

Total 

Cost of 

Good Sold 

1 

West Coast 

$47,950,000 

$23,975,000 

$47,950,000 

$119,875,000 

11 

Rocl^ Mountain 

57,540,000 

28,770,000 

47,950,000 

134,260,000 

111 

North Central 

9,590,000 

4,795,000 

0 

14,385,000 

IV 

Great Lakes 

9,590,000 

4,795,000 

0 

14,385,000 

V 

North Eastern 

19,180,000 

9,590,000 

47,950,000 

76,720,000 

VI 

South Eastern 

9,590,000 

4,795,000 

0 

14,385,000 

Vll 

South Central 

38,360,000 

19,180,000 

47,950,000 

105,490,000 

All Regions 

$191,800,000 

$95,900,000 

$191,800,000 

$479,500,000 


*Expressed in 1986 Manufacturing Year Dollars 
_ Based on a Manufacturing Price of $. 959/Peak Watt 











MARKETING EXPENSES^ 
(3y Product and Region) 


Customer 

Market — '-.....Type 

Region 

fe'sidentiai | 
Household 

1 

Commercial T 
Intermediate 

Public Utility 
Central Station 
3 

“All 

Products 

1 

West Coast 

$9,623^414 

$3,425,556 

$1,300,044 

$14,349,014 

11 

Rocky Mountain 

11,440,477 

4,071,312 

1,291,219 

16,803,008 

111 

North Central 

1,852,787 

659,152 

0 

2,511,939 

IV 

Great Lakes 

2,083,809 

744,090 

0 

2,827,899 

V 

North Eastern 

3,431,845 

1,216,007 

1,077,732 

5,725,584 

VI 

South Eastern 

1,599,745 

566,058 

0 

2,165,803 

Vll 

South Central 

6,615,975 

2,342,060 

1,097,190 

10,055,225 

All Regions 

$36,648,052 

$13,024,235 

$4,766,185 

$54,438,472 


♦Expressed in 1986 Manufacturing Year DollarsAear 



Market Region 


Customer 

Type 


I West Coast 

II Rocky Mountain 

III North Central 

IV Great Lakes 

V North Eastern 

VI South Eastern 

VII South Central 


All Regions 


Residential 

Household 

1 

Frcm Warehouse 

commercial 

Intermediate 

2 

Direct 

$1,296,406 

$432,523 

127,947 

63,974 

665,811 

283,217 

852,920 

375,104 

2,145,472 

974,241 

944,205 

409,328 

2,127,709 

891,423 

$8,160,470 

$3,249,810 


Public Utility All 
Central Station Products 
3 

Direct 


$856,050 

106,623 

0 

0 

4,871,208 

0 

2,228,558 


$8,071,439 


$2,593,979 

298,544 

949,028 

1,228,024 

7,990,921 

1,353,533 

5,247,690 

19,661,719 


II 











INOXIE T^S* 

(By Piroduct and Region) 


Customer 

Type i 

Market 

Region 

Rasidsntial 

Household 

1 

Gcmmarcial 

Intermediate 

2 

Public Utility 
Central Station 
3 

All 

Products 

I West Coast 

$12,009,443 

$5,677,947 

$10,223,480 

$27,910,870 

II Rocky Mountain 

14,098,118 

6,712,679 

10,066,960 

30,877,757 

III North Central 

2,470,154 

1,170,423 

0 

3,640,577 

IV Great Lakes 

2,555,453 

1,206,495 

0 

3,761,948 

V North Eastern 

5,050,493 

2,403,171 

10,995,383 

18,449,047 

VI South Eastern 

2,475,325 

1,177,159 

0 

3,652,484 

VII South Central 

9,609,152 

4,572,351 

10,460,252 

24,641,755 

All Regions 

$48,268,138 

$22,920,225 

$41,746,075 

$112,934,438 


*Ej^ressed in 1986 (manufacturing year) dollars 










Customer 

Type i 

Market 

Region 

Residential 

Household 

1 

I West Coast 

$11,538,485 

II Rocky Mountain 

13,545,251 

III North Central 

2,373,285 

IV Great Lakes 

2,455,239 

V North Eastern 

4,852,434 

VI South Eastern 

2,378,254 

VTI South Central 

9; 232, 322 


Ooniiiiarcial 

Intermediate 

2 

■ Public Utility 
Central Station 
3 

All 

Products 

$5,455,283 

$9,822,559 

$26,816,327 

6,449,436 

9,672,177 

29,666,864 

1,124,525 

0 

3,497,810 

1,159,182 

0 

3,614,421 

2,308,929 

10,564,192 

17,725,555 

1,130,996 

0 

3,509,250 

4,393,043 

10,050,046 

23,675,411 


All Regions 


$46,275,270 


$22,021,394 


$40,108,974 


V108,505,638 












Ml 

Products 

$.799 

.789 

.868 

.897 

.825 

.871 

.801 

$.808 










